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Art.  I. — Contributions  to  Meteorology;  by  Elias  Loomis,  Pro- 
fessor of  Natural  Philosophy  in  Yale  CoUega  Twenty-first 
paper.    With  plate  I. 

[Baad  before  the  National  Academy  of  Sciences,  April  21,  1885.] 

Direetion  and  velocity  of  movement  of  areas  of  low  pressure. 

Is  several  former  papers  I  have  examined  the  direction  and 
velocity  of   movement  of  areas  of  low  pressure.     Sincse  those 

Gpers  were  written,  the  materials  for  these  investigations  have 
5D  greatly  multiplied,  and  I  now  present  a  summary  of  the 
results  which  I  have  obtained  after  an  extended  examination 
oi  the  Signal  Service  observations,  and  of  the  observations  made 
in  other  parts  of  the  world. 

The  monthly  maps  of  storm  tracks,  which  are  issued  by  the 
Signal  Service  in  connection  with  the  International  Bulletin, 
give  a  distinct  idea  of  the  general  direction  of  movement  of 
areas  of  low  pressure  for  all  parts  of  the  Northern  hemisphere. 
Plate  I  was  formed  by  a  combination  of  these  monthly  maps 
for  several  years.     It  represents  only  a  small  part  of  the  storm 
tracks  delineated  on  the  monthly  maps,  and  does  not  attempt 
to  represent  the  storm  tracks  of  diflferent  regions  in  their  relative 
frequency,  but  it  is  designed  to  afford  a  specimen  of  all  the  im- 
portant storm  tracks  delineated  on  the  monthly  maps  for  all 
parts  of  the  Northern  hemisphere. 
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From  this  chart  we  see,  that  north  of  the  parallel  of  80 
degrees,  storm  tracks  in  all  longitudes  almost  invariably  pursue 
an  easterly  course,  but  generally  they  show  an  inclination 
toward  the  north  of  east ;  while  within  the  tropics,  storm  tracks 
almost  invariably  tend  westerly,  with  an  inclination  toward 
the  north  of  west  We  also  notice  that  none  of  the  storm 
tracks  reach  down  to  the  equator.  The  low&'^t  latitude  of  any 
centre  of  low  pressure  which  has  been  distinctly  traced  is  6'i° 
N.,  and  there  are  eight  cases  of  cyclonic  storms  whose  paths 
have  been  traced  to  points  south  of  lat.  10^  N.  Hard  gales 
and  violent  squalls  of  wind  sometimes  occur  directly  under  the 
equator,  accompanied  by  sudden  oscillations  of  the  barometer ; 
but  within  six  degrees  of  the  equator,  the  depression  of  the 
barometer  has  never  been  found  sufficiently  great,  and  the  de- 
pression has  not  been  maintained  with  sufficient  steadiness,  to 
enable  us  to  identify  an  area  of  low  pressure  in  its  progress 
from  day  to  day. 

The  tropical  cyclones  which  have  been  found  to  pursue  a 
westerly  course  are  limited  to  two  districts.  1.  The  Atlantic 
Ocean,  and  chiefly  its  western  part  near  the  West  India 
Islands ;  and  2.  the  region  south  of  the  continent  of  Asia. 
Tropical  cyclones  have  never  been  observed  in  any  part  of  the 
Pacific  Ocean,  with  the  exception  of  its  western  portion  near 
the  continent  of  Asia  and  the  neighboring  islanus.  In  my 
fifth  paper  I  gave  a  table  showing  the  leading  particulars 
respecting  the  most  violent  cyclones  originating  near  the  West 
India  Islands,  whose  paths  had  been  investigated  previous  to 
1875;  and  in  my  fourteenth  paper  I  gave  a  similar  table  based 
on  the  observations  contained  in  the  International  Bulletin. 
The  average  course  of  the  cyclones  enumerated  in  my  fiftl^ 
paper,  while  they  were  moving  westward,  was  26  degrees  nortb^ 
of  west;  and  the  average  course  of  those  enumerated  in  m^*- 
fourteenth  paper,  during  the  same  part  of  their  course,  was 
degrees  north  of  west 

According  to  Maury's  Pilot  charts  of  the  North  Atlantic,  tik  ^ 
average  direction  of  the  wind  for  that  part  of  the  Atlanti.  ^ 
Ocean  in  which  these  cyclones  most  frequentlv  occurred  durin^s; 
the  three  months,    Aug:ust,   September  and  October  (wbi^l 
months  include  nearly  all  the  cyclones  referred  to),  is  two  de- 
grees north  of  east     According  to  the  charts  of  the  Unit^Kl 
States  Hydrographic  Office,  which  include  all  the  observations 
collected  by  Maury  and  also  those  collected  by   the  British 
Meteorological  Office,  the  average  direction  of  the  wind  is  4^ 
degrees  north  of  east     The  average  course  of   West  India 
cyclones,  while  moving  westward,  differs  therefore  from  28  to 
SO  d^rees  from  the  average  course  of  the  wind.    But  if  we 
make  a  comparison  of  the  winds  \uim^\&\AV}  woLOo^odm^  eacb 
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of  the  cyclones  and  continuing  for  at  least  24  hours,  we  find 
that  the  direction  of  a  cyclone's  progress  accords  more  nearly 
with  the  direction  of  the  principal  wind  which  prevails  at  the 
time  of  the  cyclone. 

The  average  course  of  the  cyclones  originating  near  the  China 

Sea  and  Bay  of  Bengal,  as  enumerated  in  my  fourteenth  paper, 

was  88  degrees  north  of  west,  as  long  as  they  were   moving 

westerly.     The  average  course  of  the  Asiatic  cyclones  indicated 

by  the  maps  accompanying  the  International  Bulletin  (nearly 

all  of  which  originated  in  the  China  Sea),  was   27^  degrees 

north  of  west     Since  the  average  direction  of  the  wind  in  this 

resrion  changes  nearly  180  degrees  from  summer  to  winter,  in 

oraer  to  make  a  satisfactory  comparison  between  the  average 

direction  of  the  wind  and  that  of  the  progress  of  storms,  we 

mast  make  a  separate  comparison  for  the  different  seasons  of 

the  year.     Since   nearly  all   the  cyclones,  whose  tracks  are 

shown  on  the  International  charts,  originated  in  the  China  Sea, 

I  will  make  the  comparison  for  this  region ;    and  since  nearly 

all  of  these  storms  occurred  from  July  to  November,  I  will 

make  the  comparison  for  these  months. 

According  to  Maury's  Pilot  Chart  of  the  China  Sea,  the 
average  direction  of  the  winds  in   this  sea  for  the  month  of 
July  is  south  22°  west ;    for  August  it  is  south  39°  west,  and 
for  September  it  is  south  39°  west.     The  average  for   these 
ihree  months  is  south  83°  west.     The  average  direction  of  the 
wind  for  October  is  north  53°   east,    and  for  November  it  is 
north  41°  east     The  average  for   these   two  months  is  north 
47°  east.     For  the  first  three  months,  the  average  direction  of 
progress  of  storms,  is  35°  north  of  west,  and  for  the  last  two 
months  it  is  25^°  north  of  west;  that  is  during  the  first  period 
the  average  course  of  storms  differs  88  degrees  from  the  average 
direction  of  the  wind,  and  during  the  last  period  the  diff'erence 
is  68^  degrees.     We  also  perceive  that  a  change  of  166  degrees 
in  the  average   direction  of  the  wind  is  accompanied  by  a 
change  of  only  9^  degrees  in   the  average  direction   of  the 
progress  of  storms.     This  fact  clearly  indicates  that  the  direc- 
tion in  which  storms  advance  is  mainly  determined  by  some 
other  cause  than  the  mean  direction  of  the  wind.     If,  however, 
we  make  a  comparison  with  the  winds  immediately  sacceeding 
each  of  the  cyclones,  and  continuing  for  at  least  24  hours,  we 
shall  find  that  the  direction  of  progress  of  a  cyclone  corresponds 
more  nearly  to  that  of   the  principal  wind  prevailing  at  the 
time  of  the  cyclone.     It  is  not,  however,  claimed  that  there 
is  an  exact  agreement  between  these  two  directions. 

An  examination  of  the  accompanying  plate  shows  that  in 
ihe  middle  latitudes  of  the  Northern  hemisphere  there  is  a  re- 
mrksible  correspondence  between  the  average  direcUon  oi  \\\ii 
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progress  of  storm  centers,  and  the  average  direction  of  the 
wind  as  shown  by  Coffin's  wind  charta  I  nave  endeavored  to 
ascertain  whether  this  correspondence  is  exact,  or  whether  there 
is  a  constant  difference  between  these  two  directions.  I  first 
made  a  comparison  of  these  two  directions  for  the  Atlantic 
Ocean. 

In  order  to  determine  the  average  direction  of  progress  of 
storm  centers  across  the  Atlantic  Ocean,  I  measured  with  a 
protractor  the  bearing  of  the  storm  tracks  delineated  on  the  U. 
S.  International  charts.  These  bearings  were  measured  for  six 
points,  viz:  at  the  intersection  of  the  storm  tracks  with  the 
meridians  of  10^  20^  80^,  40%  60°  and  60°  west  of  Green- 
wich,  and  the  measurements  included  the  observations  of  four 
years,  viz :  1878-1881.  The  following  table  shows  the  average 
results  of  these  measurements  for  each  month  of  the  year,  and 
for  each  of  the  six  points  above  mentioned.  The  latitudes 
named  at  the  -top  of  the  table  are  the  average  latitudes  corre- 
sponding to  the  given  directions. 

Average  direction  of  Storm  tracks. 


LODR.  60°. 
Lat.  46-9^ 


JaDuary  > . 
February  . 

March 

April 

May 

June 

July 

August 

September 
October  .. 
November 
December. 


N.  ee**  E. 

66 
73 
63 
62 
76 
72 
69 
67 
67 
70 
65 


Long.  S0^ 
Lat.  48  r. 


N.  61'  E. 
67 
69 
68 
67 
63 
62 
74 
72 
64 
67 
66 


Long.  Uf. 
Lat.  Sir. 


Long.  80°.    Long.  20".    Long.  \QP. 
Lat.  SS-r.    Lat.  54*»».     Lat.  SS>5^ 


N.  64'  E. 
60 
68 
72 
68 
64 
69 
74 
78 
72 
62 
62 


N.  74'  E. 
60 
65 
79 
71 
67 
68 
77 
75 
68 
69 
67 


Year N.  68  K.N.  67  E.N.  67  E.lN.  70  E.N.  75  E.N.  79  B. 


N  86'  E.  N.  96'  E. 


74 
71 
91 
76 
71 
76 
72 
75 
73 
68 
73 


82 

79 

97 

76 

71 

80 

71* 

73 

72 

69 

80 


I  have  determined  the  average  direction  of  the  wind  at  several 
points  on  the  Atlantic  Ocean,  as  near  as  possible  to  the  points 
corresponding  to  the  preceding  measurements.  I  have  deter- 
mined the  directions  according  to  Maury's  Pilot  Charts,  and  also 
according  to  the  charts  of  the  U.  S.  Hydrographic Office.  Since 
the  latter  charts  are  based  on  the  greatest  number  of  observations, 
I  have  used  them  in  the  comparisons  exhibited  in  the  following 
table.  The  wind  directions  here  given  are  deduced  from  the 
observations  for  January,  April,  July  and  October.  Along  the 
line  of  the  storm  tracks,  the  number  of  wind  observations  on 
the  charts  is  very  small,  and  I  have  therefore  deduced  the  wind 
directions  from  the  observations  in  the  five  degree  squares  a 
Jittle  south  of  the  average  storm  Uaoka. 
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ComparUon   of  Storm  tracks  with   Wind  directions^   over  the 

Atlantic  Ocean, 


Loi 


tVIM. 


60* 

50 

40 

30 

30 

10 


Latttade 

of  ■torm 

tracks. 

IHrectlon 

of  storm 

track!. 

Lfttltnde 

of  wind 

directions. 

Direction 

of 

wind. 

Difference 

of 
latiinde. 

46-9' 

N.  670"  E. 

426" 

X.  79-3"  W. 

4-." 

4S-9 

63  7 

42-5 

S.  86-2  W. 

6-4 

51-3 

667 

47-6 

S.  61-6  W. 

3-8 

53*9 

72-2 

47-6 

S.  73-5  W. 

6-4 

64-9 

8] -5 

60-0 

S.  66-2  W. 

4-9 

55-6 

86-2 

62-5 

S.  68-6  W. 

3-0 

Wind  moft 
northerly. 

-33-7" 
-21-5 
+  61 
-  1-3 
+  16-3 
+  27-6 


Column  1st  shows  the  longitudes  for  which  the  comparisons 
are  made ;  column  2d  shows  the  latitude  of  the  points  to  which 
the  direction  of  the  storm  tracks  corresponds ;  column  3d 
shows  the  average  direction  of  the  storm  tracks  for  the  months 
of  January,  April,  July,  and  October ;  column  4th  shows  the 
latitudes  corresponding  to  the  wind  directions;  column  6th 
shows  the  direction  of  the  wind  for  the  given  latitudes  and 
longitudes ;  column  6th  shows  the  differences  of  latitude  be- 
tween the  points  to  which  the  storm  tracks  correspond,  and 
those  to  which  the  wind  directions  correspond ;  column  7th 
shows  the  difference  between  the  average  direction  of  the  wind, 
and  the  average  direction  of  the  storm  paths. for  the  points  of 
comparison. 

It  will  be  seen  tljat  there  is  an  average  difference  of  nearly 
five  degrees  between  the  latitudes  of  the  points  for  which  the 
wind  directions  are  given,  and  those  to  which  the  storm  tracks 
correspond.  I  have  endeavored  to  determine  the  proper  correc- 
tion of  the  wind  directions  for  this  difference  of  latitude,  but 
the  corrections  appear  so  questionable  that  I  have  made  no  use 
of  them. 

We  see  that  for  the  middle  of  the  Atlantic  Ocean  near  the 
parallel  of  50°  the  average  direction  of  storm  paths  corresponds 
very  closely  with  that  of  the  average  progress  of  the  wind  ;  but 
in  the  western  part  of  the  Atlantic,  the  average  course  of  storms 
is  30  degrees  more  northerly  than  that  of  the  wind,  while  in  the 
eastern  part  it  is  nearly  30  aegrees  more  southerly. 

I  next  made  a  similar  comparison  for  twelve  of  the  Signal 
Service  stations  in  the  northwestern  part  of  the  United  States, 
between  the  Rocky  Mountains  and  the  meridian  of  90^  from 
Greenwich,  for  the  three  winter  months  for  the  ten  years  from 
1S73  to  1882.  The  wind  directions  were  deduced  from  the 
sum  of  the  observations  for  each  of  the  eight  principal  points  of 
the  compass  and  the  direction  of  the  storm  paths  on  the  Signal 
Service  maps  was  measured  with  a  protractor.  The  following 
table  shows  the  result  of  this  comparison.  Column  2d  shows 
for  each  of  the  stations  the  mean  direction  of  the  wind*,  eo\Mrcvxv 
Sd  shows  the  average  direction   oi   the  storm   pal\\s  *,   aw^ 
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column  4th  shows  the  difference  between  these  two  directions. 
The  directions  are  all  measured  from  the  north  point  toward 
the  east. 

Comparison  of  storm  paths  with  wind  directions^  United  States, 


wind  blows 
towards 

Storms  more 
towards 

Storms  most 
northerly. 

Bismark 

Ft.  Sully 

Breckenridge 

North  Platte \ 

N.  162-70  E. 
164-2 
126-2 
1210 
104-7 
121-6 
114-7 

96-8 

92-7 

780 

67-1 

85-7 

N. 

107-7''  E. 
106-7 
105-5 
104-1 

88-3 
106-3 
100-8 

870 

88-3 

99-3 

90-5 
109-4 

+  650'' 
47-5 
20-7 
16  9 

Keokuk ' 

Yankton 

Omaha 

Davenport 

Dubuque . ..- 

16-4 

15*3 

13-9 

98 

+   4-4 

St.  Paul 

LaCrosse 

—21-3 
—  23-4 

Pembina 

-23-7 

We  see  that  at  all  of  the  stations,  except  the  last  three,  the 
average  wind  of  winter  blows  toward  a  point  somewhat  south 
of  east,  and  for  four  of  the  more  western  stations,  the  average 
direction  is  51^  south  of  east.  We  also  see  that  at  the  more 
western  stations,  the  average  movement  of  storm  centers  is 
toward  a  point  considerably  south  of  east,  but  at  the  more 
eastern  stations  the  direction  is  a  little  north  of  east.  At  Bis- 
mark and  Fort  Sully,  the  average  course  of  the  winds  is  50° 
more  southerly  than  that  of  storm  paths,  while  at  St.  Paul, 
La  Crosse  and  Pembina  it  is  22°  more  northerly. 

The  facts  here  stated  afford  a  basis  for  some  general  con- 
clusions respecting  the  movement  of  storm  centers.  Some 
meteorologists  have  claimed  that  the  progressive  movement  of 
storm  areas  is  satisfactorily  explained  by  saying  that  they  are 
carried  forward  by  the  general  movement  of  the  mass  of  the 
atmosphere  within  which  they  are  formed  ;  that  is,  thev  drijt 
in  a  sense  similar  to  that  in  which  waves,  eddies,  etc.,  formed 
on  the  surface  of  a  river,  drift  with  the  current.  They  advance 
as  the  water  of  the  river  advances,  and  in  the  same  direction. 
But  we  have  found  that  the  average  direction  of  movement  of 
areas  of  low  barometer  does  not  generally  coincide  with  the 
average  direction  of  the  wind  for  the  same  region.  This  is  seea 
not  only  in  the  case  of  tropical  storms,  but  also  in  storms  of 
the  middle  latitudes. 

But  it  may  be  claimed  that  the  progress  of  storm  areas  is  not 
determined  entirely  by  the  average  movement  of  the  atmosphere, 
but  by  that  movement  which  is  taking  place  at  the  date  of  the 
storm.  There  is  some  reason  to  think  that  in  the  case  of  trop« 
jcal  cf  clones,  particularly  in  the  China  Sea^  the  wind  which 
generally  prevails  at  the  time   oi  ibe  cycXotv^  ^^CiOt^%  xwat^ 
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Dearly  with  the  direction  of  the  storm's  progress,  than  does  the 
average  wind  for  the  same  season  of  the  year ;  but  there  is  no 
eyidence  that  there  is  an  exact  agreement  between  these  two 
directions.     If  we  claim  that  the  progressive  movement  of  a 
storm  area  is  due  to  the  progressive  movement  of  the  general 
mass  of  the  atmosphere  in  which  it  is  formed,  it  seems  necessary 
to  admit  that  a  mass  of  the  atmosphere,  of  considerably  greater 
extent  than  the  storm  area,  is  advancing  in  the  same  direction 
and  at  the  same  rate  as  the  storm  advances.     In  order  to  decide 
whether  such   is  the  fact,  we  need  only  to  consult  a  well-con- 
structed weather  map,  of  sufficient  dimensions  to  include  not 
merely  a  storm  area,   but  a  considerable  margin  beyond  it. 
The  storm  maps  which  have  accompanied  my  former  papers  are 
too  limited  to  famish  the  required  information  in  a  form  which 
is  entirely  satisfactory,  and  it  is  desirable  to  have  similar  maps 
for  several  successive  days.    The  Signal  Service  maps  afford 
aboodant  materials  for  this  purpose,  and  Hoffmeyer's  maps  are 
still  better,  since  they  include  a  much  larger  portion  of  the 
earth's  surface.     If  we  open  a  volume  of  these  maps  anywhere 
at  random,  we  shall  not  find  the  general  mass  of  the  atmosphere 
sarronnding  a  great  storm  moving  forward  in  the  same  direc- 
tion as  that  in  which  the  storm  advances. 

If  we  follow  the  progressive  movement  of  a  great  storm  from 
day  to  day,  by  means  of  maps  representing  the  phenomena  at 
intervals  not  greater  than  eight  hours,  we  shall  find  that  in 
front  of  the  storm  the  air  appears  to  be  drawn  in  toward  the 
center,  by  which  means  the  pressure  on  the  front  side  of  the 
storm  is  diminished.  The  air,  thus  drawn  in  toward  the  center, 
*  rises  to  a  considerable  elevation  above  the  surface  of  the  earth 
and  its  vapor  is  condensed.  In  the  rear  of  the  storm,  the  ex- 
terior air  rushes  in  and  restores  the  pressure  on  that  side  ;  and 
as  the  result  of  this  double  process,  the  point  of  least  baromet- 
ric pressure  is  carried  forward.  This  movement  of  the  exterior 
air  in  the  rear  of  a  storm,  is  not  necessarily  in  the  same  direc- 
tion as  that  in  which  the  storm  center  advances.  In  the 
United  States,  storms  almost  invariably  advance  eastward,  and 
generally  toward  a  point  a  little  north  of  east ;  but  the  wind 
which  presses  upon  the  rear  generally  comes  from  the  north  or 
northwest,  which  direction  is  often  at  right  angles,  or  nearly  at 
right  angles,  with  the  direction  in  which  the  storm  center  ad- 
vances. This  movement  of  the  air,  by  which  the  center  of 
least  pressure  is  carried  forward,  bears  some  analogy  to  the 
movements  which  cause  the  advance  of  a  wave  upon  the  sur- 
face of  the  ocean,  and  hence  we  may  with  propriety  say  that  the 
progressive  movement  of  a  storm  area,  is  the  movement  of  a 
great  Btwospberic  wave. 
Besides  these  general  considerations,  there  are  vanoua  ap^d«\ 


8 


jSl  LoamU — (hni/rilyuitians  to  Meteorology. 


phenomena  which  indicate  that  the  movement  of  areas  of  low 
pressure  cannot  be  fully  explained  by  the  theory  of  a  general 
drift  of  the  atmosphere.  We  fre(][uently  find  two  neighboring 
low  areas  advancing  in  directions  inclined  to  each  other  at  an 
angle  of  45  decrees,  or  even  a  greater  angle.  In  the  United 
States,  while  a  low  center  is  advancing  from  Florida  along  the 
Atlantic  coast  toward  the  northeast,  another  low  center  may 
be  advancing  eastward  over  the  region  of  the  Great  Lakes,  and 
the  two  low  centers  may  coalesce  somewhere  in  the  neighbor- 
hood of  Nova  Scotia  or  Newfoundland.  It  will  be  seen  from 
the  accompanying  plate,  that  the  storms  which  proceed  from 
the  Gulf  of  Mexico  and  from  the  neighborhood  of  the  West 
India  Islands,  generally  advance  toward  Newfoundland ;  and 
the  storms  which  come  from  the  northwestern  part  of  the 
United  States,  also  tend  toward  the  same  region.  Newfound- 
land becomes  thus  a  point  of  convergence  of  storm  tracks  pro- 
ceeding from  regions  quite  remote  from  each  other.  In  the 
vicinity  of  Newfoundland,  there  exists  some  influence  which  ap- 
pears to  act  as  an  attractive  force  upon  storm  centers.  This 
influence  probably  results  from  the  great  amount  of  precipita- 
tion near  that  island,  arising  from  the  proximity  of  the  warm 
water  of  the  Gulf  Stream,  to  the  colder  air  from  the  land.  The 
accompanying  plate  shows  other  points  toward  which  storm 
tracks  seem  to  converge,  particularly  the  Asiatic  coast  near 
Japan,  and  this  fact  probaoly  results  from  a  cause  similar  to 
the  one  just  named.  If  the  accompanying  plate  exhibited  th^ 
storm  tracks  of  dififerent  regions  according  to  the  relative  fre^ 
quency  of  their  occurrence,  other  points  of  convergence  o 
storm  tracks  would  be  exhibited.  Along  these  convergin 
storm  paths,  two  storms  often  travel  simultaneously  and  coalesc 
in  a  single  storm  area.  Such  a  movement  appears  inconsister^ 
with  the  drift  theory. 

For  the  convenience  of  those  persons  who  may  wish  to  in 
tigate  eases  of  this  kind  for  themselves,  I  present  the  followi 
list  which  shows  some  of  the  most  decided  cases  in  which  t 

JSxamples  in  which  two  centers  of  low  pressure  approach  each  ot 

and  coalesce. 


i 


1873. 

March  29.1-29.2 

1875. 

Nov.     10.1-10.2 

1879. 

Jan. 

1.3-  2 2 

Oct.        4.3-  5.1 

1876. 

March  25.3-26.1 

Feb. 

4.1-  4 2 

Oct.      11.1-11.3 

1877. 

Dec.      29.3-30.1 

Oct. 

16.1-17    I 

1874. 

April    19.2-19.3 

1878. 

Feb.      14.3-15.1 

Oct. 

28.2-2a    _3 

April    25.2-25.3 

March  13.3-14.1 

Nov. 

20.1-2(^   ,2 

Aug.     30.2-31.1 

May        2.1-  2.2 

1880. 

Feb. 

13.1-1^^  .2 

Sept.     25.1-25.3 

June     18.1-18.2 

March 

7.2-  ^  .J 

1876. 

Jan.      22.2-22.3 

Nov.     22.1-22.2 

Oct. 

29.2-2^  .3 

centers  of  low  pressure  in  the  United  States  have  ooalescs^. 
They  are  taken  from  the  Signal  Service  ^  ^»x\i«t  IL^^  iot  \k«i 
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years  1878-1880.  These  maps  show  a  considerable  namber  of 
other  cases  of  like  kind,  some  of  which  have  been  omitted  be- 
cause the  depression  of  the  barometer  was  small ;  and  others 
becaoae  the  position  of  the  low  center  was  not  very  sharply  de- 
fined,  or  was  situated  near  the  margin  of  the  weather  map. 

Among  these  twenty -four  cases,  there  are  only  three  in  which 

the  paths  of  the  two  low  centers  were  not  inclined   to  each 

other  at  an  angle  as  great  as  45^;  in  half  of  the  cases  the  two 

paths  were  indined  at  an  angle  considerably  greater  than  46^ ; 

in  eight  or  nine  of  the  cases  the  angle  was  nearly  as  great  as 

90^ ;  and  in  three  of  the  cases  the  angle  was  greater  than  90^. 

It  sometimes  happens  that  within  an  area  of  low  pressure, 

having  but  a  single  center,  a  second  low  center  is  developed. 

The  following  list  shows  twenty-four  such  cases,  selected  from 

the  Signal  Service  maps  for  1873-1880.     The  maps  show  a 

large  number  of  other  similar  cases,  but  in  the  cases  here  cited 

the  depression  of  the  barometer  was  generally  considerable,  and 

the  position  of  the  low  centers  was  distinctly  indicated. 

Casen  in  which  a  second  low  center  is  developed  within  an  area  of 

low  pressure. 


1873. 

Feb.      18.1-18.2 

1875. 

Jan.      30.3-31.2 

1878. 

Jan.      13.2-13.3 

Feb.      20.1-20.2 

May       4.2-  4.3 

Jan.      30.2-31.1 

March  28.2-29.1 

Nov.       3.1-  3.2 

March  12.3-13.1 

1874. 

April    25.1-25.2 

1876. 

March    5.3-  6.1 

Nov.     23.3-24.1 

Aug.     29.1-29.2 

March  25.2-25.3 

1879. 

March  29.1-29.2 

Aug.     30.1-30.2 

May       7.1-  7.2 

1880. 

Jan.      21.3-22.1 

Nov.     23.1-23.3 

May       7.2-  7.3 

Feb.      12.2-12.3 

1975. 

Jan.      24.2-24.3 

1877. 

Dec.      29.2-29.3 

April    17.1-17.2 

In  a  majority  of  these  cases,  the  two  low  centers  appear  to 
have  subsequently  coalesced;  but  in  several  of  ihem,  the  two 
Jew  centers  moved  off  in  directions  inclined  to  each  other  at  an 
angle  of  90®  or  more,  and  with  unequal  velocities. 

Over  the  Atlantic  Ocean  and  Europe,  cases  similar  to  the 

Preceding  are  of  much  more  frequent  occurrence  than  in  the 
United  States ;  the  depression  of  the  barometer  is  generally 
much  greater ;  and  the  low  areas  have  a  much  greater  geographi- 
cal extent.  By  consulting  Hoffmeyer's  Weather  Maps,  we  may 
easily  find  examples  in  which  two  low  centers  move  toward 
each  other  from  nearly  opposite  directions  and  coalesce  ;  and 
i¥emay  also  find  frequent  oases  in   which  a  great  area  of  low 

})ressure,  with  but  one  center,  undergoes  a  change  by  which  two 
ow  centers  are  developed,  and  these  new  low  centers  recede 
from  each  other.  Sometimes  there  is  a  further  change  by 
^hich  three  or  lour  or  even  more  low  centers  are  formed,  and 
these  low  centers  have  a  progressive  movement  in  difterent 
directions,  and  with  unequal  veTocitien. 
On  the  contrary,  within  a  large  area  of  low  pressure,  s\\ovj\t\^ 
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several  low  centers,  a  low  center  may  disappear  from  sim|)le 
changes  of  pressure.  In  like  manner  a  secona  low  center  may 
disappear  and  so  on.  In  many  cases  the  changes  in  the  posi- 
tion and  magnitude  of  the  low  centers  are  so  rapid,  that  in  com- 
paring two  weather  maps  for  successive  days,  we  frequently 
find  it  impossible  to  identify  a  low  center  on  one  of  the  maps, 
with  its  corresponding  low  center  on  the  other  map.  Examples 
may  be  easily  found  to  illustrate  all  of  these  different  cases,  so 
that  it  seems  to  be  unneccessary  to  present  a  selected  list.  In 
cases  like  these,  it  surely  will  not  be  claimed  that  the  move* 
ment  of  the  low  centers  can  be  ascribed  to  a  simple  drifting  of 
the  general  mass  of  the  atmosphere  in  which  the  low  areas  were 
formed. 

If  we  reject  the  drift  theory,  it  will  doubtless  be  asked  how 
can  we  explain  the  fact  that  in  the  middle  latitudes,   storms 
almost  invariably  advance  toward  the  east,  and  the  opposite 
movement  only  occurs  occasionally,  and  seldom  continues  longer 
than  one  or  two  daya     This  fact  seems  to  result  from  the  pre- 
valent movement  of  the  wind  towards  the  east.     The  result 
however  is  not  due  to  a  general  drifting  of  the  mass  of  the 
atmosphere  within  which  the  low  area  is  formed ;    but  to  the 
fact  that  the  pressure  on  the  west  side  of  the  low  area  is  more 
steady  and  persistent  than  that  on  the  east  side.     The  character- 
istic features  of  a  great  storm  movement  are  a  motion  of  the 
air  from  all  sides  spirally  inward,  together  with  an  upward 
movement  resulting  in  the  condensation  of  vapor  at  various 
places  within  the  low  area.     Now   if  the  air  pressed  in  with 
equal  force  on  all  sides  of  the  low  center,  and  if  there  was  an 
equal  precipitation  of  vapor  on  all  sides,  there  does  not  appear 
to  be  any  reason  why  the  low  center  should  advance  at  all.     It 
sometimes   happens  that  the  pressure  on  the  west  side  is  very 
small,  while  there  is  considerable  pressure  on  the  east  side,  and- 
in  such  cases  the  low  center  moves  toward  the  west     Many^ 
examples  of  this  kind  are  shown  by  the  Signal  Service  maps.^ 
and  also  by  Hoffmeyer's  charts.     But  this  movement  toward^ 
the  west  cannot  be  long  maintained.     In  the  middle  latitudes.;^ 
the  east  winds  are  exceptional,  and  result  mainly  from  disturb  — 
ances  caused  by  storms.    On  the  contrary,  the  west  winds  resul-^ 
from  general  causes  which  are  permanent  in  their  character,  anc^ 
are  independent  of  storms ;    and  if  there  were  no  storms  th^s 
west  winds  would  rarely  be  interrupted.    During  the  prevalence ^ 
of  an  east  wind,  the  causes  which  produce  west  winds  are  n(^  t 
destroyed;  their  influence  is  only  temporarily  suspended ;  an^^i 
•they  soon  return   with  a  force,  not  impaired,  but  rather  aug;-- 
mented  by  their  temporary  suspension.     The  pressure  on  tbe 
west  side  of  storm   areas  is  thus  a  strong  and  persistent  oii6^ 
while  that  on  the  east  side  results  item  tem^OT^x^  ^iaxxa«^^  wA 
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cannot  be  long  maintained.  It  occasionally  happens,  during  a 
violent  storm,  that  the  east  winds  are  stronger  than  the  west 
winds.  In  such  a  case  the  low  center  may  be  pushed  westward  ; 
bat  SQch  a  result  does  not  necessarily  follow,  for  a  large  part 
of  the  air  which  pushes  in  on  the  east  side  rises  from  the  earth's 
surface,  while  the  air  which  pushes  in  on  the  west  side  does 
not  rise  at  all,  or  not  to  an  equal  extent  Thus  the  low  area  is 
filled  op  on  the  west  side,  and  were  it  not  for  the  continued 
precipitation  of  vapor,  the  low  area  would  soon  become  oblit- 
erated. 

Rate  of  progrestof  areas  of  low  pressure. 

Id  order  to  exhibit  the  average  velocity  with  which  centers 
of  low  pressure  advance  over  the  United  States,  I  have  pre- 
pared the  following  table  which  shows,  in  miles  per  hour,  the 
averaffe  velocity  of  storm  centers  for  each  month  during  a 
period  of  thirteen  years,  according  to  the  observations  of  the 
United  States  Signal  Service. 


Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec. 

1872 

31-2 

29*4 

34-5 

34-5 

24-7 

21-8 

24-6 

183 

22-2 

209 

23-6 

28-8 

1373 

35*8 

32-7 

28-1 

22-3 

23-5 

20-8 

24*6 

17-8 

23-1 

28-1 

27-9 

26-7 

1874 

23-0 

33-9 

29-8 

31-4 

22-2 

22-4 

26-9 

19-9 

231 

28-5 

30-3 

32-7 

18T5 

321 

328 

300 

26-4 

29-2 

31-5 

25-3 

171 

30-5 

23-4 

300 

311 

1876 

38-1 

31-6 

26-4 

23-6 

24-7 

19-3 

26-4 

23-2 

23-8 

27-7 

22-6 

383 

1877 

37-7 

26-6 

32-6 

252 

27-3 

25-2 

242 

20-0 

17-4 

20-2 

256 

24-7 

1878 

26-3 

27-7 

24-3 

22-6 

17-9 

18-4 

21-7 

26-8 

23-9 

19-6 

21-2 

34  0 

1879 1  35-5 

33-3 

351 

27-8 

25-3 

29-4 

26-4 

210 

21-7 

30-8 

40-7 

38-7 

1880    37-6 

39-6 

35-8 

27-2 

251 

24-5 

25-7 

25-9 

23-5 

22-3 

341 

38-8 

1881 ,  32-3 

35-4 

26-8 

37-1 

32-6 

32-8 

26-6 

25-4 

30-6 

37-5 

30-8 

33-6 

1882    421 

41-6 

34-8 

29-5 

21-6 

20-8 

19-8 

19-9 

23-5 

27-7 

27-7 

30-2 

JS83    39-8 

36-4 

380 

28-4 

300 

24-2 

26-8 

28-0 

250 

37-3 

39-4 

330 

1884 
Jtfeao 

38-6 

43-9 

33-3 

21-5 

26-8 

20-5 

22-4 

30-7 
22-6 

32-6 

34-4 

35-2 

43-7 

33-8 

34-2 

31-5 

27-5 

25-6 

24-4 

24-6 

24.7 

27-6 

29-9 

33.4 

We  see  from  this  table  that  the  average  velocity  of  progress 
of  storms  for  the  entire  year  is  28*4:  miles ;  also  that  the  veloci- 
ty is  greatest  in  February  and  least  in  August,  and  that  the 
former  velocity  is  50  per  cent  greater  than  the  latter.  We  also 
see  that  the  velocity  varies  very  much  for  the  same  month  in 
different  years,  the  greatest  mean  velocity  for  the  months  of 
April  and  October  being  more  than  double  the  least  mean 
velocity  for  the  same  months. 

In  order  to  study  the  movement  of  areas  of  low  pressure 
under  the  greatest  possible  variety  of  circumstances,  I  have  en- 
deavored to  obtain  information  from  European  observations. 
In  the  Uebersicht  der  Witterung  for  1881,  published  by  the 
Deutsche  Seewarte,  is  given  a  table  showing  the  mean  velocity 
of  movement  of  the  barometric  minima  for  the  five  years 
IS^dSO,  as  deduced  from  the  monthly  charts  of  stOTUi  Utvoka. 
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The  following  table  shows  the  average  results  deduced  from  the 
observations  of  these  five  vears. 

RaU  of  progress  of  Storm  Centers  in  Europe, 


Kllom. 

Miles 

Storms. 

Itolio. 

Kllom. 

MUM 

Stormi. 

Bstk) 

in2«ti. 

p.  hour. 

Id  U.  B. 

inMh. 

p.  boar. 

In  CJ.  8. 

JaDuarj  .. 

673 

17-4 

33-8 

1-94 

July 

549 

14-2 

24-6 

1-63 

February  . 

694 

18-0 

34-2 

1-90 

August... 

541 

14-0 

22-6 

1-41 

March 

676 

17-6 

31-6 

1-80 

September 

667 

17-3 

24-7 

1-47 

April 

626 

16-2 

27-6 

1-70 

October... 

732 

190 

27-6 

1-53 

May 

569 

14-7 

25-6      1-73 

November 

720 

18-6 

29-9 

1*60 

June 

609 

15-8 

24-4      1-54 

December. 
Year... 

693 

17-9 

33-4 

1-87 

646 

16-7 

28.2 

1.69 

Column  2nd  shows  the  velocity  of  movement  for  each  monih 
expressed  in  kilometers  for  24  hours;  column  8d  shows  the 
velocity  expressed  in  English  miles  per  hour;  column  4th 
shows  the  velocity  of  movement  of  storm  centers  for  the  United 
States ;  and  column  5th  shows  the  ratio  of  the  numbers  in 
columns  3  and  4. 

We  see  that  in  the  United  States  the  average  velocity  of 
movement  for  the  entire  year  is  about  two-thirds  greater  than 
it  is  in  Europe.  This  ratio  is  greatest  in  winter  when  it 
amounts  to  1*9 ;  and  least  in  the  autumn  when  it  amounts  to 
1-5. 

The  following  table  shows,  in  miles  per  hour,  the  average 
rate  of  progress  of  storm  centers  over  the  Atlantic  Ocean,  as  de- 
duced from  the  monthly  charts  of  storm  tracks  published  with 
the  International  Bulletin  for  a  period  of  four  years  from  1879 
to  1882. 


Jan.       Feb. 

March. 

Aprtl. 

May. 

Jane. 

July. 

Aug. 

Sepl. 

Oct. 

Nov. 

Dec. 

17-4  i   19-5 

19-7 

19-4 

16-6 

17-5 

15*8 

16-3 

17-2 

18-7 

200 

18-3 

The  average  velocity  for  the  entire  year  is  18  miles  per  hour 
If  now  we  compare  the  preceding  results  with  those  hereto 
fore  found  for  the  West  India  cyclones  while  pursuing  a  wester- 
ly course,  and  for  the  cyclones  of  the  Bay  of  Bengal  and  Chins 
Sea  for  the  same  part  of  their  course,  we  shall  have  a  view  oi 
the  movement  of  storm  areas  under  a  great  variety  of  condi- 
tions. If  we  compare  the  average  results  for  these  five  districts 
for  the  entire  year,  the  numbers  are  as  follows : 

United  States 28*4  railes  per  hour. 

Middle  latitudes  of  Atlantic  Ocean 180 

Europe 167       '• 

West  India  cyclones 137       •• 

Bay  of  Bengal  and  China  Sea 8^4       " 

Thus  we  see  that  the  average  rate  of  progress  of  storm  cen- 
ters  over  the  At/antic  Ocean  is  about  \.\\^  sam^  «a  o'^^t  ^\rc^^'^ 
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ouble  th6  rate  of  progress  for  the  China  Sea ;  and  the 
progress  for  the  United  States  is  more  than  three  times 
for  the  China  Sea.  These  results  are  derived  from  so 
[lumber  of  observations,  that  they  must  be  accepted  as 
ually  correct,  and  they  demand  a  clear  explanation. 
d  endeavored  to  determine  how  far  these  differences  may 
om  a  difference  in  the  mean  velocity  of  the  wind  for  these 
districts.    For  this  purpose  I  determined  the  average 

of  the  wind  for  that  portion  of  the  United  States 
vrhich  the  storm  centers  are  most  frequently  found,  viz : 
•tion  north  of  the  parallel  of  40®,  and  east  of  the  meri- 
100**  from  Greenwich.  A  slight  examination  of  the 
tions  shows  that  at  stations  near  the  Atlantic  Ocean,  or 
8  of  the  Great  Lakes,  the  velocity  of  the  wind  is  greater 
stations  in  the  interior  of  the  country.  I  have  there- 
'ided  the  observations  into  two  groups,  one  including 
ions  near  the  ocean,  or  one  of  the  Great  Lakes,  and 
oast  stations  (twenty-five  in  number),  the  other  group 
ig  the  remaining  stations,  which  are  called  inland  sta- 
venty  in  number) ;  the  second  and  third  columns  of  the 
ig  table  show,  for  each  month  of  the  year,  the  mean 

of  the  wind  in  miles  per  hour  for  these  two  classes  of 
,  according  to  the  Signal  Service  observations  : 


ast 

Inland 

Mean. 

Storms. 

Ratio. 

1 

A. 

Sta.    1 

i' 

•98 

8^40 

9-69 

33-8 

3-5 

July . 

•33 

8-94 

10-13 

34-2 

3-4 

lAug. 

•76 

lO^lH 

1097 

31-5 

2-9 

Sept. 

•67 

9^59 

10-13 

27-5 

2-7 

Oct.  . 

•22 

855 

8-88i 

25-5 

2-9 

Nov. 

•34 

7  56 

7-95 

24-4 

31 

Dec. . 

Coait  Inland  Mean.  Storma.  Ratio, 
ota.       ota. 


7-70 

6-87 

7-28 

246 

7-42 

6-40 

6-91 

22-6 

8-98     6-96 

7-97 

24-7 

9-96     7-84     8-90 

27-6 

11-16 

8-50 

9-83 

299 

11-30 

8-20 

9-75 

33-4 

3  4 
3-3 
31 
31 
3-0 
3-4 


Uh  column  gives  the  mean  between  the  numbers  in  the 
ceding  columns;  the  5th  column  shows  for  each  month 

of  progress  of  storm  centers  ;  and  the  6th  column  shows 
o  of  the  velocity  of  storm  centers  to  the  mean  velocity 
^ind. 
ee  that  this  ratio  is  not  the  same  for  all  months ;    but 

month  in  which  the  rate  of  progress  of  storms  is  great- 
ratio   is  sensibly  the  same  as  for  that  month  in  which 

is  the  least.  This  coincidence  seems  to  indicate  that 
3  of  progress  of  storms  is  in  some  degree  dependent 
le  mean  velocity  of  the  wind ;  but  the  considerable 
ities  in  the  value  of  this  ratio  show  that  the  rate  of 
s  of  storms  cannot  depend  solely  on  the  average  velocity 
wind. 

:t  determined,  as  well  as  I  was  able  with  the  means  at 
imand,  the  average  velocity  ol  the  wind  for  l\\al  \:>^t\.  ol 
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Europe  within  which  storm  centers  are  most  Frequently  foi 
viz:  between  the  parallels  of  50  and  60  degrees.  The  foil 
ing  table  shows  the  results  which  I  have  obtained,  and 
observations  are  divided  into  two  groups  as  in  the  precec 
table ;  the  coast  stations  being  twelve  in  number,  and  tne  in) 
stations  beini^  fourteen  in  number.  The  velocities  are  all 
pressed  in  miles  per  hour. 


'  COMt 

8ta. 


Jan. . 
Feb.. 
Mar.. 
April 
May. 
June 


13-86 
13-98 
13*60 
12*28 
11*86 
11*07 


8-61 
9*13 
9-31 
805 
7-83 
6-911 


11-23 
1155 
11-45 
1016 
9-84 
8-99 


Storms. 

Ratio. 

1 
1 

17-4 

1-5  1  July.. 

18*0 

1-6     Aug.  . 

17-6 

1-5 

Sept.  . 

16-2 

1-6 

Oct.  .. 

14-7 

1-5 

Nov.  . 

16-8 

1-8 

Dec.. -I 

'Inland 
8U.   I 


11-52| 

11*97 

11-32; 

13-33 

14-43 

13-80! 


6-53; 

6*42, 

6-78 

7-87 

8-63 

8'63i 


Mtan. 

Storms. 

I 

902 

14*2 

9-19 

14-0  , 

9-05 

17-3 

10-60 

190 

11-53 

18-6 

11-21 

17-9 

The  ratios  of  the  velocities  of  storm  centers  to  the  mean  vel 
ties  of  the  wind,  are  auite  diflFerent  from  those  found  for 
United  States,  and  the  correspondence  between  the  rate 
storm  movements  and  the  movement  of  the  wind  is  not  as  < 
tinctly  marked.  Nevertheless  some  degree  of  corresponde 
can  be  detected,  and  it  is  noticeable  that  in  Europe  the  cha 
in  the  wind's  mean  velocity  for  the  different  months  of 
year  is  only  about  half  as  great  as  in  the  United  States.  \ 
inequalities  in  the  value  of  the  ratio  for  the  different  mon 
are  considerable,  and  indicate  the  operation  of  some  other  ca 
than  the  mean  velocity  of  the  wind. 

I  next  determined  the  average  velocity  of  the  wind  in 
neighborhood  of  the  Bay  of  Bengal  and  China  Sea.  The  : 
lowing  table  shows  the  results  which  I  have  obtained,  the  obs 
vations  being  mostly  derived  from  the  Report  on  the  Meteor 
ogy  of  India  for  1882.  I  have  employed  only  stations  south 
lat.  20^  and  I  have  rejected  all  stations  having  an  elevati 
greater  than  8000  feet 


1                   !                   .                   I 

1  %M*  ^^V**  Mean. '  Storms. 
8U.       8U.    ; 

1 
Ratio. 

Coast  Inland 
8ta.       8U. 

1 
Mean.  Storms. 

Ra 

Jan. . 
Feb.. 
Mar.. 
April 
May. 
June 

6*00     8-79 
6*46    4*13 
6*33    4-54 
6-71'    600 
7*17     6-21 
9*12     7-83 

4*89    

4*79    

4*93| 

6-36     7-64 
6*69     8-54 
8-47     6*62 

...     July.. 
...     Aug.  . 
...     Sept.  .i 
1*4     Oct.  .. 
1-3     Nov.  . 
0*7    iDec... 

9-12     7-67 
8-29;    658 
7-46.    5-50 
5*79     3-46 
5-25     3-50 
5*71     3-75 

8-38     8-36 
7-43   10  30 
6-48     9-77 
4-63     9-26 
4-37     7-38 
4-73:    

1 
1 
1 
2 

1 

The  number  of  coast  stations  is   17,  and   the  number 

inland  stations  is  also  17.     The  velocities  are  all  expressed 

miles  per  hour.    The  ratios  of  the  velocities  of  storm  cent< 

to  the  mean  velocities  of  the  wind  differ  sensibly  from  tb( 

found  for  Europe,  and  differ  very  gteaxW  ixom  xVio^  foa^xd 
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the  United  States.  .Moreover  we  find  no  correspondence  be- 
tween the  average  rate  of  progress  of  storm  centers  for  the 
different  months  of  the  year,  and  the  average  velocity  of  the 
wind.  The  inequality  in  the  values  of  the  ratio  for  the  differ- 
ent months  of  the  year  is  quite  noticeable,  but  this  may  be 
partly  due  to  the  small  number  of  the  observations. 

I  next  endeavored  to  determine  the  mean  velocity  of  the 
wind  in  the  neighborhood  of  the  West  India  Islands,  but 
found  observations  for  only  seven  stations  south  of  lat  27^ 
The  following  table  shows  the  results  for  August,  September 
and  October,  which  are  the  only  months  for  which  there  is  an  ob- 
servation of  more  than  one  cyclone,  with  the  exception  of  June, 
for  which  month  there  are  three  observations. 


August  ... 
Sei^mber. 
October... 


Velocity. 


Wind. 


6-79 
5-98 
6-70 


Storms. 


14-44 
14-00 
1281 


Ratio. 


2-5 
2-3 
1-9 


I  next  determined  the  mean  velocity  of  the  wind  for  that 
part  of  the  Atlantic  Ocean  in  the  neighborhood  of  the  usual 
tncks  of  storm  centers,  and  have  adopted  the  results  contained 
in  No.  3  of  the  Mittheilungen  aus  der  Norddeutsche  Seewarte. 
The  first  line  of  the  following  table  presents  a  summary  of 
these  results  for  the  four  seasons  of  the  year,  the  force  of  the 
wind  being  estimated  in  units  of  Beaufort's  scale  (1-12). 


winter. 

Spring. 

Summer. 

Antomn. 

Btinfort'9  nvmber^.             . 

5-9 
330 
18-4 

05 

5-5 
30-8 
18-6 

0-6 

45 
25-5 
16-5 

0-6 

6-3 

Miles  per  hour 

297 

Storms 

18-6 

RAtio 

0-6 

The  second  line  shows  the  velocities  denoted  by  Beaufort's 
numbers,  reduced  to  miles  per  hour  according  to  the  table  pre- 
pared by  the  British  Meteorological  committee ;  the  third  line 
shows  the  average  rate  of  progress  of  storms,  and  the  fourth 
line  shows  the  ratio  of  the  numbers  in  the  two  preceding  lines. 

If  we  group  together  the  results  now  obtainea,  we  shall  have 
the  following  summary  for  the  average  rate  of  progress  of 
storm  centers,  the  average  velocity  of  the  winds,  and  the  ratio 
of  these  two  velocities: 


Storms. 

winds. 

Ratio. 

United  States 

28-4 
180 
16-7 
13-7 

9-5 

29-8 

10-3 

6-2 

6-5 

3  0 

North  Atlantic  Goeau 

0  6 

Europe 

1-6 

West  Indies 

2  2 

Southern  Asia / 

I        \^ 
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Tbis  table  appears  at  first  view  to  present  a  discouraging 
medley  of  anomalies,  but  some  of  the  anomalies  may  appear  less 
formidable  after  a  careful  examination.  It  seems  highly  pro- 
bable that  the  slow  progress  of  storm  areas  in  southern  Asia  is 
partly  due  to  the  small  velocity  of  the  winds  of  that  region.  It 
is  not  obvious  why  storms  should  travel  more  rapidly  near  the 
West  India  Islanas  than  in  the  China  Sea.  It  is  possible  that 
this  anomaly  ma^  disappear  when  the  mean  velocity  of  the  wind 
has  been  determined  bv  a  more  extended  series  of  observations. 

It  seems  to  be  established  that  over  the  Atlantic  Ocean  the 
mean  velocity  of  the  wind  is  considerably  greater  than  the  rate 
of  progress  of  storms.  This  inequality  is  strikingly  exhibited 
in  numerous  cases.  Over  this  Ocean,  we  frequently  find  an  area 
of  low  pressure,  2000  miles  or  more  in  diameter,  with  a  pres- 
sure of  about  28  inches  at  the  center,  attended  by  winds  blow- 
ing with  hurricane  violence,  while  from  day  to  day  the  center 
of  the  low  area  makes  little  or  no  progress  eastward,  showing 
that  the  movement  of  the  atmosphere  which  corresponds  to  the 
average  system  of  circulation,  is  almost  entirely  interrupted  over 
this  ocean. 

The  most  noticeable  anomaly  shown  in  the  preceding  table  is 
however  presented   by  the   United  States,   where  the  mean 
velocity  of  the  wind  is  only  one-third  as  great  as  over  the 
Atlantic  Ocean,  but  storms  travel  with  nearly  double  velocity. 
This  anomaly  may  be  partly  explained  if  we  admit  that  the 
progress  of  storms  is  determined,  not  by  the  wind  which  pre- 
vails in  close  contact  with  the  earth's  surface,  but  by  that  which 
prevails  at  an   elevation   of  several   hundred  feet,  where  the 
velocity  is   probably  much  greater  than  at  the  earth's  surface. 
The  same  anomaly  however  is  found  when   we  compare  the 
storms  of  the  United  States  with  those  of  Europe.     In  northern 
Europe  the  surface  winds  have  a  velocity  greater  than  those  of 
the  United  States,  and  we  may  infer  that  the  same  is  true  for 
elevations  of  1000  or  2000  feet  above  the  surface ;  yet  storms 
in  Europe  advance  with  but  little  more  than  half  the  velocity 
of  those  in  the  United  States.     There  must  then  be  a  powerful 
cause  which  accelerates  the  movement  of  storm  areas  in  the 
United  States,  and  which  does  not  operate  in  Europe  or  over 
the  Atlantic  Ocean  ;    and  apparently  the  same  cause  does  not 
operate  in  southern  Asia,  or  in  the  West  Indies,  at  least  in  an 
equal  degree.     This  cause  (or  one  of  these  causes)  is  probably 
the  precipitation  in  the  form   of   rain   or  snow  whicn,  in  the 
United  States,  usually  takes  place  on  the  east  side  of  a  storm 
area,  greatly  in  excess  of  that  on  the  west  side,  as  I  have  shown 
in  my  seventeenth  paper  ;    but  for  the  interior  of  Europe  the 
same  does  not  appear  to  be  true,  or  certainly  not  in  ^an  equal 
degree,  as  I  have  shown  in  my  IweKlh  pai^^t. 
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Art.  it. — Note  on  some  Paleozoic  Pteropods ;    by  Chables 
D.  Walcott,  of  the  U.  S.  Geological  Survey. 

It  is  with  considerable  reservation  that  I  place  the  genera 
Conalaria,  Hyolithes,  Hyolithellas,  Coleoprion,  Coleolas,  Hemi- 
ceras,  Salterella,  Pterotheca,  Phragmotheca,  Matthevia  and  per- 
haps Palaenigma  under  the  Pteropoda.  1?hey  form  a  group 
that,  although  representative,  in  a  measure,  of  the  recent  Ptero- 
poda,  differ  in  other  respects  so  much  that  it  appears  as  though 
a  division  of  the  Gasteropoda,  equivalent  to  the  Pteropoda, 
might  be  consistently  made  to  receive  them. 

I  have  had  in  my  possession  for  two  years  past  the  speci- 
mens  on  which  the  genera  Matthevia  is  foundea,  and  it  is  of 
8Qch  interest  that  I  take  the  opportunity  of  publishing  it 
before  bringing  out  the  illustrations  of  the  fauna  with  which  it 
is  tflsociated. 

Genus  Matthevia,  n.  gen. 

Shell  conical,  aperture  sinuous,  transverse  section  ovate, 
elliptical  or  rounded  subquadrate ;  interior  with  two  elongate 
chambers  diverging  from  the  apex  and  opening  into  a  large, 
single,  terminal  chamber;  both  of  the  interior  chambers  are 
cn^sed  by  a  single  imperforate  septum ;  calcareous ;  surface 
papillose.  Operculum  calcareous,  nucleus  excentric,  lines  of 
growth  concentric. 

Type  Matthevia  variabilis. 

The  eeneric  name  is  proposed  in  honor  of  Mr.  G.  F.  Matthew, 
who  is  doing  so  much  good  work  on  the  St.  John  fauna. 

This  peculiar  shell  is  so  distinct  from  all  described  forms 
referred  to  the  Pteropoda,  that  a  new  family,  Matthevidae,  is 
instituted  to  receive  the  one  genus  now  known. 

la  form  and  surface  markings  it  approaches  the  genus  Conu- 
laria;  the  operculum  maybe  compared  to  that  of  Hyolithes, 
and  the  imperforate  transverse  septum  allies  it  to  both  Hyolithes 
and  Conularia.  Its  thick  shell  is  observed  in  the  genera  Conu- 
laria,  C.fecunda  Barr.  (Syst.  Sil.  Boheme,  vol.  iii,  pi.  viii,  fig.  8), 
and  Hemiceras,  H.  cylindricus  Eich wald  (Lath.  Ross.,  vol.  i,  Atlas, 
pi.  xl,  fig.  17 ;  pi.  xlii,  fig.  29).  When  we  come  to  trace  a 
relationship  to  the  two  inner  chambers,  we  are,  at  once,  at  a 
loss  for  comparisons. 

There  is  a  curious  form  described  as  Tetradium*  Wrangeli 
Schmidt  (Mem.  Acad.  Imp.  Sci.  St.  Petersbourgh,  Vll.  Ser., 

•The  genus  Tetradium  being  preoccupied  (Dana,  1846;  Saflford,  1856),  I  pro- 
pose PaUenigma  in  place  of  Schmidt's  Tetradium,  1874,  for  the  species  under  con- 
aderation — P.  Wrangeli. 

Aif.  JouB.  ScL— Third  Series,  Vol.  XKX,  No.  175.— July,  IBSS. 
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vol.  xxi,  No.  11,  p.  42,  figs.  3-8,  1874),  which  Lindstrom  sug- 
gests is,  by  the  thick-shelled  Conularia  fecunda  Barrande,  linked 
to  Conulariaa  and  made  to  stand  in  affinity  to  them.  (Sil.  Graa- 
teropoda  and  Pteropoda  of  Gotland,  p.  41,  1884.)  From  our 
comparisons  Mattbevia  appears  still  more  to  serve  as  a  conDect* 
ing  link  between  Palsanigma  and  the  genera  Conularia  and 
Hyolithes.  If  P,  Wrangeli  had  chambers  running  up  into  the 
shell,  as  is  suggested  by  the  cross-isections,  and  a  septum  that 
caused  the  upper  portion  of  the  shell  to  be  decollated,  as  we 
are  led  to  believe  by  the  natural  section,  and  the  fact  that  each 
specimen  figured  has  lost  its  apex,  the  relations  between  PalsB* 
nigma  and  Matthevia  are  quite  close  and  Palaenigma  may  be 
provisionally  grouped  with  the  genera  Matthevia  and  Conularii 

Matthevia  variabilis,  n.  sp. 

On  a  side  view,  the  outline  of  the  shell  varies  from  broad  to 
narrow  conical,  and  the  end  view  shows  an  elongate  conical  to 
a  broad  conical  outline  ;  the  cross-section  varies  from  elliptical 
to  oval  or  rounded  quadrangular;  aperture  varies  in  outline 
with  the  proportions  of  the  shell ;  a  sinus,  varying  in  depth 
and  curvature,  extends  across  the  ends  of  the  shell ;  in  the 
more  elliptical  apertures  the  sides  are  nearly  straight  and  par- 
allel, while,  in  those  with  a  subquadrangular  outline,  they  are 
strongly  curved,  and  the  sinus  at  the  ends  is  very  profound. 
The  shell  thins  out  at  the  edges  and  is  not  thick  over  the  exte- 
rior of  the  interior  chambers,  but  between  them  a  connecting 
mass  of  shell  unites  the  sides  and  gives  strength  and  solidity; 
a  section,  crossing  the  center  of  the  shell  at  right  angles  to  tne 
preceding,  shows  a  solid  shell  to  the  outer  chamber  where  it 
gradually  thins  out  to  the  margin.  The  position  of  the  two 
inner  chambers  vary  in  relation  to  each  other,  from  s6bparallel 
to  widely  divergent;  the  chamber  that  is  more  at  right  angles 
to  the  aperture  than  the  other,  is  usually  larger,  and  is  always 
prominent,  while  the  oblique  chamber  is  sometimes  filled  up 
by  shelly  matter  and  only  the  outer  portion  remains;  botn 
chambers  are  usually  flattened  on  the  inner  side,  and  more 
or  less  expanded  where  they  enter  the  large  outer  chamber. 
The  septum  crossing  the  inner  chamber  is  thin,  and  varies  in 
shape  with  the  form  of  the  chambers;  it  is  usually  slightly 
concavo-convex,  concave  towards  the  outer  chamber, "  ana 
marked,  usually,  by  a  raised  scar  of  varying  character;  the 
septum  is  usually  a  short  distance  from  tne  outer  chamber-* 
1™  to  4°°*. 

The  substance  of  the  shell  is  calcareous. 

Surface  marked  by  undulating  lines  of  growth  parallel  to  the 
margin  of  the  aperture,  a  few  rad\al\u^  Wxv^a  xxaxxaXV^  wi  \!ckA 
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lidasi  and  fine  papill»,  arranged  in  lines  that  cross  each  other 
It  right  angles,  on  some  shells;  on  others,  the  papillad  are 
irnmged  in  lines  narallel  to  the  lines  of  growth  ana  without 
reference  to  the  oraer  of  those  in  the  adjoining  lines;  the  iDte- 
rior  sarboe  is  covered  with  a  fretted  work  brought  oat  by  de- 
pressed, irr^olar,  inosculating  lines;  this  surface  varies  in 
foree  and  character,  and  some  snells  are  almost  smooth  inside ; 
a  narrow,  smooth  space  extends  all  around  the  margin  of  the 
inude  of  the  aperture. 

The  associated  operculas  vary  in  form  and  outline ;  the  shell 
is  calcareous,  ooncayo-convez,  rising  to  a  blunt  point  more 
towards  one  end  than  the  other ;  from  this  point  long,  narrow, 
Ttdiating  undulations  extend  to  the  margin,  and  it  is  the  center 
of  the  concentric  undulations  of  growth.  Surface  with  concen- 
tric and  radiating  undulations,  fine,  inosculating  lines,  sub- 
parallel  to  the  concentric  undulations,  and  fine  papilLeB  on  the 
spaces  between  the  inosculating  lines;  interior  surmce  convex, 
smooth  or  showing  the  undulations  of  the  outer  surface;  at 
the  center,  corresponding  to  the  apex  of  the  cater  surface,  a 
imal],  round  scar  appears  to  be  indicated  on  some  specimens. 

The  only  form  known  to  me  that  corresponds  in  any  way  to 
this,  is  that  figured  by  Eichwald  (Leth.  Ross.,  pi.  xl,  fig.  19,  a, 
&,  c\  as  HydiSies  paradoxus^  which  appears  to  be  the  cast  of  a 
portion  of.  the  outer  chamber  and  one  of  the  conical  inner 
chambers ;  it  may  be  only  a  superficial  resemblance. 

Formation  ana  locality. — Cambrian.  Limestone  resting  on 
Potsdam  sandstone,  one  mile  northwest  of  Saratoga  Springs, 
N.Y. 

The  species  is  associated  with  Oryptozoan  proliferum  Hall 
(Thirty-sixth  Ann.  Rep.  N.  Y,  State  Mus,  Nat.  Hist,  despt  of 
pi.  vi,  188^,  Platyceras  minutissima  W.,  Ph/choparia  (L.)  cal- 
cifera  W.,  DieeUocephalus  Hartti  W.,  and  Piychaspis  speciosus  W. 
(Thirty-second  Ann.  Rep.  N.  Y.  State  Mus.  Nat.  Hist) 

Note  on  Hyohthes  {Oamarolheca)  Mnmonsi  Ford. — When  study- 
ing the  species  of  Hyolithes  from  the  Georgian  Group,  I  found 
that  the  shell  of  H.  Bmmonsi,  of  Ford,  was  formed  of  three  or 
more  distinct  layers :  first,  a  thin  outer  layer  with  rather  strong 
even  strise  that  cross  the  flattened  ventral  face  nearly  direct,  and 
arch  forward  on  the  dorsal  face,  the  flattened  aide,  in  this  spe- 
eies,  being  the  ventral  face  and  not  the  dorsal,  as  in  most  spe- 
cies; the  second  layer  appears  to  be  of  a  smooth,  even  charac- 
ter,  much  like  a  filling  between  the  outer  and  inner  shell ;  the 
inner  shell  is  thin  and  concentrically  striated  in  a  slightly  dif- 
ferent manner  from  the  outer  shell ;  a  fourth  layer  appears  to 
exist  in  one  example,  but  it  is  too  obscure  for  study. 
Another  character  observed  is  one  that,  as  far  as  I  know,  has 
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not  yet  been  noticed  in  any  AmerioaD  epecies  of  the  genog, 
although  observed  in  some  species  of  the  genera  Conalaria  and 
Matthevia.  It  is  the  presence  of  a  transTerse  diaphragm  in  tin 
tube  towards  the  apex.    This  appears  to  have  cansedthe  shdl 


i 


MlTTHIVIA.      DESORIPTIOir  OP  FiaUBKS. 

1,  Side  view  oE  a  small  but  characteriBtic  tonn  of  tbe  shell,     la.  End  nnrrf  j 
same,     lb,  Oatlbe.  from  the  apex.  : 

1,  End  view  of  oue  at  the  more  circular  ehella  enlarged  to  show  tbe  turfm.  ' 
The  Bhell  IB  broken  away  near  the  summit,  and  shows  the  cast  of  one  of  the  iiuMt 
chambera. 

3,  Operculum  sssocialed,  is  tbe  same  hand  specimen  of  rocli,  with  Jf  mrioWiL 
|<4,  LoDfritiidinal  section  of  conical  aheU.  A.,  B,  inner  chambers,  C,  chanberd 
habitation,  S,  thick  shell  between  the  inner  chambers.  *',  t",  poiitiOD  at  tta 
aepta  separating  tbe  chamber  of  habitation  and  the  inner  chambero.  ia,  crest- 
section  laken  a  little  above  the  aepta. 

G,  Enlargement  of  the  surface  of  a  septum. 

B,  Csat  of  tbe  chamber  of  habitation  aud  the  inner  chamber  within  the  sept^ 
(^  *")  of  tbff  most  common  form  of  th«  die^ 


become  deddooos  in  many  inatanoes,  and  we  now  find  na- 
lons  ezamplea  showing  the  blunt  terminal  portion.  Some 
die  show  tne  lonndedi  smooth  end  without  any  conatrio- 
n ;  others  have  a  narrow  eonoentrio  constriction  just  within 
\  termination.  The  oast  of  the  sur&oe  of  the  septum  shows 
light  central  doatriz  or  scar,  but  no  evidence  of  a  perforation 
£e  septom  could  be  observed.  The  average  size  of  the 
be,  at  the  point  of  decollation,  is  1™\  The  uurgest  seen  is 
>-"  and  the  smallest  *76»^. 

When  stadyinff  the  septum,  the  dose  similarity  between  it 
d  that  of  the  nnt  septum  of  the  spedes  of  Orthoceras  and 
^toceraSi  as  figured  by  Barrande  (CephalopodeSi  Etudes  gene- 
ies,  1877,  pis.  487, 4w),  were,  at  once,  brought  to  mind,  and 
BO  the  interesting  question  of  the  relations  of  these  shells  to 
e  cephalopoda. 

• 

Since  the  above  was  written  I  have  received  a  paper  from 
[r.  0.  F.  Matthew,  in  which  he  states  that  several  of  the 
teropod  shells,  from  the  base  of  the  St  John  group,  have 
i?eral  distinct  septa  at  the  base  of  the  tube.  The  genus  and 
pedes  is  not  mentioned  (Nat.  Hist.  Soc.  N.  B.  Bull.,  10,  p.  102, 
885). 

Mr.  Matthew  quotes,  in  the  same  paper,  from  a  letter  written 
ijMr.  Alpheus  Hyatt,  where  the  latter  savs:  "These  fossils 
rith  their  distinct  septa  are  startlingly  similar  to  certain  forms 
f  Naatiloidea,  but  tnere  is  no  siphon.  They,  however,  confirm 
on  Jhemig's  and  my  opinion  tnat  Orthoceratites  and  Ptero- 
ods  have  bad  a  common,  but  as  yet  undiscovered,  ancestor  in 
icieot  times." 

In  a  letter  dated  April  9, 1885,  Mr.  Matthew  states  that  he 
18  several  species  of  the  Hyolithellidae  from  the  St.  John 
roup  that  have  several  septa  toward  the  apex  of  the  tube  for 
lien  he  has  proposed  two  eenerio  divisions,  one  of  which  he 
lis  Camarotheca;  this  will  probably  include  H,  Emmonsij 
A  I  have  used  the  name  in  a  subgeneric  sense,  until  I  can 
irn  more  of  the  character  of  the  septa  of  H.  Emmonsi. 
A  single  sp^imen  of  H.  primordialis^  from  the  Potsdam 
ndstone  of  Wisconsin,  also  shows  evidence  of  a  transverse 
ptom. 

XoTE  OF  Ck)RRXCTiOK. — In  describing  the  figures  accompanying  the  article  on 
nnanaoDia  (this  Journal,  vol.  xzix,  February,  1885,  p.  117),  figs.  1  and  2  are 
ren  as  those  of  Obolella  chromatiea^  and  credited  to  Mr.  Billings.  The  artist,  in 
sparing  the  figures,  copied,  by  mistake,  those  of  OboleUa  craaaa  Ford.  The  fact 
<siped  my  notice  at  the  time,  and  I  unintentionaUy  credited  Mr.  Billings  vnX\ 
pires  that  had  been  published  by  Mr.  8.  W.  Ford.  c.  D.  w. 
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Art.  III. — A  Determination  of  the  B.  A,  Unit  in  Terms  of  the 
Mechanical  Equivaknt  of  Heat ;  by  Lawbencb  B.  Fletcher, 
Ph.D. 

The  experimental  work  of  the  followioK  investigation  was 
completed  in  1881,  and  forms  the  subject  of  a  thesis  submitted 
to  the  Johns  Hopkins  University  in  that  year.  In  the  present 
paper  a  more  accurate  method  of  calculating  the  currents  from 
the  deflection-curves  is  used,  and  some  of  the  other  calculations 
have  been  revised.  The  results  of  the  two  papers  are  sub- 
stantially the  same. 

The  experiment  consisted  of  simultaneous  thermal  and  elec- 
trical measurement  of  the  energy  expended  by  a  current  in  a 
coir  of  wire  immersed  in  a  calorimeter.  The  result  depends  upon 
the  values  of  the  mechanical  equivalent  and  the  unit  of  resist- 
ance, and  ^ives  a  determination  of  either  in  terms  of  an  assumed 
value  of  the  other. 

The  old  determinations  of  Quintus  Icilius  and  Lenz  have 
no  value,  as  the  resistance  is  uncertain  as  pointed  out  bj 
Kowland  and  H.  F.  Weber. 

Joule,^  in  1867,  made  a  determination  of  the  mechanical 
equivalent  by  this  method,  assuming  the  B.  A.  unit  as  deter- 
mined by  the  committee  in  1868-4  to  be  equal  to  10*  C.  G.  S. 
units.  The  value  of  the  mechanical  equivalent  thus  obtained 
is  more  than  one  per  cent  greater  than  Joule's  water-friction 
value.  H.  F.  Weber,f  in  1878,  used  a  similar  method,  employ* 
ing  the  Siemens  unit,  the  value  of  which  he  also  measured  m 
C.  G.  S.  units.  Weber's  value  of  the  mechanical  equivalent  is 
about  one  part  in  two  hundred  greater  than  Joule's  water-fric- 
tion value  and  one  part  in  four  hundred  greater  than  Rowland's 
water-friction  value. 

In  both  Joule's  and  Weber's  experiments  a  possible  source  of 
error  seems  to  have  been  ignored.  The  wire  was  assumed  to 
be  at  the  temperature  of  the  water  in  which  it  was  immersed, 
and  its  resistance  was  calculated  on  this  assumption*  It  is 
evident,  however,  that  the  wire  was  hotter  than  the  water,  inas- 
much as  it  was  giving  heat  to  the  water.  The  error  due  to  this 
cause  is  of  uncertain  amount  If  corrected  for  this  error  tbe 
value  of  the  equivalent  would  be  increased  and  their  excess 
over  the  water- friction  values  would  become  greater  than  before. 
To  avoid  this  source  of  error,  the  research  described  below  was 
planned.  The  sufsrgestion  and  general  plan  of  the  research  I 
owe  to  Professor  Rowland. 

The  theory  of  the  method  is  as  follows :     A  current  c,  flow- 

*  Report  of  B.  A.  oommittee  on  e\QCtc\caI  tttsoid&tdv  1873. 
/  Phil  Mag.,  Series  5,  vol. 
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ing  throagh  a  wire  of  resistance  R,  for  a  time  tj  generates  an 
amount  of  heat  represented  by  A=— y-  where  J  is  the  mechani- 
cal equivalent  of  heat,  ^he  wire  being  immersed  in  a  calori- 
meter and  put  in  a  circuit  with  a  galvanometer,  A,  c  and  t  can 
be  measured.  Then  if  R  is  measured  in  B.  A.  units  the  experi- 
ment will  give  a  relation  between  the  value  of  that  unit  and 
tbe  mechanical  equivalent  In  this  research  R  was  measured 
during  tbe  actual  experiment  by  connecting  its  terminals  with 
those  of  a  large  resistance  R^  and  measuring  the  current  c\ 
which  flowed   through   the  latter.      With   this   arrangement 

cRsc'R'  or  R  =  -R'.     Hence  J  =  — r— '  in  which  R  does  not 

c  h 

appear,  and  the  uncertainty  attaching  to  its  temperature  has  no 
effect. 

The  calorimeter  was  a  cylindrical  cup  of  sheet  copper  hold- 
ing about  800^.      On  the  bottom  of  the  cup  lay  a  sheet  cop- 
per frame  which  supported  three  vertical  glass  rods.     Around 
these  the  wire,  R,  was  coiled,  forming  a  helix.     The  ends  of  the 
wire  were  soldered  to  stout  copper  wires  which,  insulated  by 
short  vulcanite  tubes,  passed  through  the  wall  of  the  calori- 
meter and  turned  down  so  that  they  could  be  placed  in  mer- 
cary  cups.     The  cover  of  the  calorimeter  rested  in  contact  with 
the  water  to  secure  uniformity  of  temperature.     The  cover  had 
an  expansion  tube  and  a  smaller  central  tube  which  formed  one 
bearing  for  the  stirring  apparatus,  another  bearing  being  given 
by  a  brass  socket  on  tne  bottom  of  the  calorimeter.      The 
stirrer  consisted  of  a  spiral  blade  of  sheet  copper  supported  on 
a  brass  frame,  the  upper  part  of  which  was  tubular,  and  passed 
ihroufich  the  central  tube  of  the  cover.     The  stirrer  was  kept  in 
motion  during  the  experiment  by  a  silk  thread,  which  passed  over 
a  vulcanite  wheel  at  the  top  of  the  stirrer  and  ran  to  a  driving 
clock.     The  stirrer  formed  the  escapement  of  the  clock,  which 
ran  very  uniformly  with  this  arrangement.      I  estimated  the 
heat  generated  by  the  stirrer  as  two  thirds  of  the  whole  work  of 
the  weights.      This  is  about  one  thousandth  part  of  the  heat 
generated  by  the  current  and  only  a  rough  determination  of  the 
correction   is  needed.      The  thermometer  passed  through  the 
tubular  upper  part  of  the  stirrer,  and  was  clamped  to  a  shelf 
above  in  such  a  manner  that  its  bulb  was  in  the  centre  of  the 
calorimeter  and  surrounded  by  the  stirring   blade   which,   in 
turn,  was  surrounded  by  the  wire  which  carried  the  current. 
The  wire  was  composed  of  an  alloy  of  platinum  and  iridium, 
and  was  varnishea  to  prevent  conduction  to  the  water.      Its 
resistance  was  about  1*8  ohm.     The  calorimeter  was  supported 
on  legs  of  vulcanite  within  a  copper  vessel  with  doable  'walU^ 
tbe  space  between  which  was  fiiied  with   water.     TV\*\a  v^Bilet- 
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jacket  was  provided  with  a  hollow  cover,  also  filled  with  water, 
and  its  inner  surface  and  the  outer  surface  of  the  calorimeter 
were  nickel-plated  and  polished.  Thus  the  calorimeter  was 
nearly  surrounded  by  an  envelope  of  fairly  constant  temper- 
ature, the  thermometer,  stirrer-thread  and  connecting  wires 
passing  through  openings  in  the  jacket. 

From  the  mercury  cups  in  which  the  electrodes  of  the  calori* 
meter  dipped,  the  wires  of  the  main  circuit  ran  to  the  battery 
and  galvanometer.  These  wires  were  2*5°^  in  diameter,  cotton- 
covered,  carefully  paraffined  and  twisted  together  to  eliminate 
direct  action  on  the  needle.  The  battery  consisted  usually  of 
24  one-gallon  bichromate  cells  arranged  4  in  series  and  6  abreast, 
and  gave  a  very  steady  current.  In  one  experiment  only  20 
cells  were  used,  4  in  series  and  5  abreast.  The  galvanometer 
coil  for  the  main  current  was  a  single  turn  of  stout  wire  laid  in 
a  groove  on  a  wooden  circle  of  about  80^°*  diameter.  A  sine 
galvanometer  was  so  placed  that  its  needle  was  in  the  axis  of 
the  single  wire  coil  and  about  *1^  distant  from  its  plane. 
This  excentricity  was  rendered  necessary  by  the  length  of  the 
suspending  fibre.  The  coil  of  the  sine  galvanometer  was  con- 
nected  with  the  calorimeter  electrodes  by  a  second  circuit,  ia 
which  a  resistance  coil  of  80,000  ohms  was  included.  The 
wires  of.  this  circuit  were  kept  apart,  as  the  current  was  too 
small  to  exert  an  appreciable  direct  action,  and  as  great  irrega- 
larity  in  some  preliminary  experiments  in  which  the  wires  were 
twisted  together  was  finally  traced  to  leakage,  although  the 
wires  had  a  double  covering  of  silk.  Both  circuits  were  pro- 
vided with  commutators.  The  sine  galvanometer  had  a  hori- 
zontal bar  parallel  to  the  axis  of  the  coil.  To  one  end  of  this 
was  attached  a  telescope,  beneath  which  was  a  short  scale 
which  was  seen  by  reflection  in  the  mirror  of  the  needle,  and 
allowed  a  very  accurate  setting  to  be  made  without  bringing 
the  needle  to  rest.  The  needle  consisted  of  two  thin  strips  of 
steel  1*2®^  in  length  separated  by  a  piece  of  wood  -6^  in  tnick- 
ness.  The  circle  of  tne  galvanometer  was  graduated  to  half- 
degrees  and  read  by  verniers  to  one  minute. 

The  needle  was  acted  upon  by  both  currents  simultaneouly, 
and  by  means  of  the  commutators  the  actions  were  caused  to 
be  in  the  same  and  in  opposite  directions  alternately.  The 
current  through  the  sine  galvanometer  is  c'  in  the  formula 

J= — - — '-    The  current  through  the  coil  on  the  wooden  circle 

is  c+c',  and  was  assumed  equal  to  c  as  c'  was  less  than  '000076. 
Let  G  denote  the  constant  of  the  fixed  coil,  G'  that  of  the  sine 
galvanometer,  H  the  horizontal  magnetic  force,  0  and  0'  the 
deflections  when  the  actions  are  in  the  same  and  in  opposite 
directions  respectively.     Then 


in  Terms  of  the  MecJuinioal  Equivalent  of  Heat        26 

Gc  cos  d  +GV=     H  sin  d 
Qc  cos  «'-G'c  =     H  siD  d' 

Hence         c=g  tan  K<>+<? ).  c'=-^  c-^(  flTF) 

Let  {denote  the  length  of  the  wire  in  the  fixed  coil  and  b  the 

distance  of  the  needle  from  its  plane.     Then  G= 


Z(l  +  «;ry) 


Hence  the  equation  for  J  becomes 


_.     .    .     ^    tan  4(<?+d')  s\n^d-d') 


Ast'Q'  h  cosi(d+dO 

I  shall  discuss  in  order  the  quantities  contained  in  this  expres- 
aoo. 

B'y  the  resistance  of  the  secondary  circuit,  is  the  sum  of  the 
resistances  of  the  30,000  ohm  coil,  the  sine  galvanometer  and 
connecting  wirea  The  whole  was  measured  by  connecting 
the  terminals  of  the  circuit  with  a  Jenkin  bridge  and  comparing 
with  other  coils,  using  a  high  resistance  Thomson  galvanometer. 
The  provisional  standard  was  a  10  ohm  coil,  A,  made  by 
Warden,  Muirhead  and  Clarke.  From  this  coil  the  resistance 
of  a  100  ohm  standard,  B,  was  obtained  by  means  of  a  com- 

Enter,  C,  of  10  coils,  each  nearly  equal  to  A,  each  coil  of  0 
ing  compared  with  A,  and  0  in  series  then  compared  with 
B.  Then  A,  B  and  C  were  arranged  to  form  a  bridge  with  D, 
a  1,000  ohm  standard,  whose  resistance  was  thus  fixed.  E  and 
F,  two  1,000  ohm  coils  of  a  resistance  box,  were  then  com- 

fired  with  D.  Finally  a  bridge  was  formed  with  A,  B,  D+ 
+F,  and  R',  the  secondary  circuit,  giving  R'  in  terms  of  A. 
Elliott's  coils  were  used  in  making  the  adjustments,  which  were 
always  very  small,  and  the  temperatures  were  carefully  observed. 
The  result  is 

R'=300124  at  19°-3  C. 

B'  consisted  principally  of  the  30,000  ohm  coil  and  the  vari- 
ation of  this  only  need  to  be  considered.  Its  temperature 
varied  from  19°  to  24°  when  in  use,  the  mean  temperature 
being  22-°3  C.  At  this  temperature,  R'=30052,  which  value 
was  used  throughout. 

The  length  of  the  wire  in  the  fixed  coil  was  determined  by 
measuring  with  a  steel  tape  the  distance  between  two  threads 
fastened  on  the  wire  before  it  was  placed  on  the  circle.  When 
the  wire  was  in  position,  the  interval  of  a  few  centimeters 
between  the  threads  was  measured.  The  tape  had  been  com- 
pared with  standards.  Care  was  taken  to  avoid  difference 
of  tension    in  the   two  positions  of  the  wire.     The  result  \a 
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The  (][uantit7  5,  the  excentricity  of  the  needle,  was  estimated 
by  holding  the  tape  horizontally  over  the  top  of  the  circle  and 
reading  the  positions  of  the  center  of  the  wire  and  the  galvan- 
ometer fiber.  For  most  experiments  &=l-2"".  It  was  fre- 
quently re-measured  and  a  correction  applied  when  it  varied. 
The  method  of  measurement  is  not  very  accurate,  but  an  error 
of  10  per  cent  in  &,  which  could  haraly  occur,  would  only 
involve  an  error  of  1  part  in  3,000  in  J. 

G'  had  been  determined  by  Professor  Rowland*  by  measure* 
ment  during  the  construction  of  the  coil,  and  also  by  com- 
parison  with  another  coil.  The  values  are  1832*24  by  measure- 
ment and  1888*67  by  comparison.  The  mean,  giving  the 
second  value  twice  the  weight  of  the  first,  is  1838*19. 

Hence  the  constant  term  =  10996+10'. 

G'  has  recently  been  re-measured  and  found  to  be  1882*58. 
My  final  result  is  corrected  to  this  value. 

H  was  measured  in  the  following  manner :  The  circle  bear- 
ing the  fixed  coil  carried  four  smaller  wires  which  could  be 
connected  with  the  battery  and  an  electrodynamometer  of  the 
form  described  in  Maxwell's  treatise.  These  four  wires  with 
the  needle  formed  a  tangent  galvanometer,  the  other  coils  being 
open.  Eight  pairs  of  simultaneous  readings  of  the  ^Ivan- 
ometer  ^nd  electrodynamometer  were  taken  comprising  all 
possible  combinations  of  signs  of  the  currents  in  the  galvan- 
ometer and  the  two  electro-dynamometer  coils.  I  am  greatly 
indebted  to  Professor  S.  H.  Freeman,  then  Fellow  of  the  Uni- 
versity, for  assistance  in  these  readings. 

The  expression  for  H  is 


H=  ^  "^^  ^y     ^  yt  J     v^sin  a 

V  T  tan  ^ 

where  0  is  a  function  of  the  dimensions  of  the  electrodyna- 
mometer coils,  I  the  moment  of  inertia  of  the  suspended  coil, 
n  the  number  of  turns  of  wire  in  the  galvanometer,  V  the 
mean  length  of  one  turn,  V  the  mean  distance  of  their  planes 
from  the  needle,  T  the  time  of  vibration  of  the  small  coil, 
a  and  (f  the  mean  deflections  of  electrodynamometer  and  gal* 
vanometer. 

C  was  known  from  measurements  during  the  construction 
of  the  instrument,  and  I  had  been  determined  by  observing 
times  of  vibration  with  and  without  the  addition  to  the  sua* 
pended  coil  of  bars  of  known  moment  of  inertia.  These  values 
of  C  and  I  had  been  verified  by  Dr.  E.  H.  Hall  and  myself  in 
connection  with  a  previous  research  by  comparing  the  values 
of  H  obtained  by  this  method  and  by  the  magnetic  method, 
the  arrangement  of  the  experiment  \>e\xig,  «Wlq!cl  ^a  \o  tOL^kft  the 

♦  This  Jounia\,  xv,  ^^1,  \^n^. 
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two  results  obtain  for  the  same  point  an'd  time.     The  value  of 

C^/I  is  0-18567. 

The  measarements  of  V  and  V  were  made  in  the  same  man- 
ner as  those  of  /  and  h, 

'  The  results  are  T  =  268*91  cm^  V  =  2-07  cm^  for  most  experi- 
ments.    A  correction  was  applied  when  V  varied.     Hence 

— V — V-^irr' 

Each  of  the  angles,  a  and  fp,  is  the  mean  of  eight  readings 
taken  to  1'.  The  former  was  about  18°,  the  latter  6°.  T  was 
obtained  bv  observing  ten  transits  with  a  seconds  clock,  allow- 
ing the  coil  to  vibrate  for  several  minutes  and  then  taking  ten 
more  transits.  The  difference  between  the  mean  times  of  the 
two  series  divided  by  the  number  of  vibrations  gives  T  very 
exactly.  The  difference  between  the.  values  before  and  after 
the  experiment  never  exceeded  1  part  in  8000.  The  mean 
Tilne  is  about  2*42  seconds.  H  was  determined  before  and 
after  the  main  experiment 

The  quantities  in  the  formula  for  J  remaining  to  be  dis- 
eased are  U  h  and  the  deflections.  To  treat  these  intelligibly 
I  proceed  to  describe  the  method  of  experiment  exactly. 

First,  a  determination  of  H  was  made.  The  calorimeter  was 
then  weighed,  filled  with  distilled  water  at  a  temperature  usually 
f  or  3®  below  that  of  the  air,  carefully  wiped  with  a  towel 
10  remove  moisture,  again  weighed  and  placed  in  the  water- 
jicket  Its  amalgamated  electrodes  were  placed  in  the  mercury 
cops  with  the  terminals  of  the  two  circuits,  the  main  circuit 
being  broken  at  the  commutator.  The  water-jacket  was  kept 
permanently  filled  and  stood  in  a  room  of  fairly  constant  tem- 
perature so  that  its  temperature  changed  little  during  the  experi- 
ment. The  thermometer  was  placed  in  position  and  the  stirrer 
started.  During  a  few  minutes  readings  were  taken  of  the 
thermometer  and  of  three  auxiliary  thermometers,  giving  the 
icmpemtures  of  the  jacket,  the  30,000  ohm  coil  and  the  air 
near  the  stem  of  the  principal  thermometer,  the  time  of  each 
reading  being  noted  by  a  seconds  clock.  The  circuit  was  then 
closed  and  a  galvanometer  reading  taken,  one  of  the  commuta- 
tors  was  reversed  and  another  reading  taken,  the  time  of  each 
reading  being  noted.  The  time  of  passage  of  the  mercury  of 
the  thermometer  over  several  successive  scale-divisions  was  then 
taken,  also  readings  of  the  other  thermometers.  Two  more 
commutator  reversals  and  galvanometer  readings  followed,  then 
another  set  of  thermometer  readings,  and  this  alternation  was 
continued  for  about  40  minutes,  during  which  time  the  ther- 
mometer rose  about  12°  C.  Usually  sixteen  galvanometer 
readings  were  taken  and  seven  groups  of  thermomel^t  te^di- 
ings  comprising  35  or  40  readings  of  the  principal  t\ieTmom^- 
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ten  Then  the  circuit  was  broken  and  the  calorimeter  allowed 
to  cool  for  two  or  three  hours,  during  which  time  groups 
of  readings  were  taken  as  before,  the  stirrer  being  kept 
in  motion.  While  this  radiation  experiment  was  in  progress 
another  determination  of  H  was  made.  Finally  the  thermom- 
eter was  removed  and  the  calorimeter  taken  out  and  weighed. 

The  mean  of  each  group  of  thermometer  readings,  corrected 
for  stem  error,  gives  very  exactly  the  temperature  of  the  ther- 
mometer for  the  mean  time  of  that  group.  The  diflference 
between  any  two  of  these  mean  temperatures,  corrected  for 
radiation,  gives  by  multiplication  into  the  capacity  of  the 
calorimeter  and  contents  the  heat  generated  in  the  interval. 
Hence  any  two  groups  five  a  determination  of  J  when  com- 
bined with  the  proper  values  of  d  and  d'. 

I  have  combinea  groups  taken  18  to  25  minutes  apart,  tha 
rise  of  temperature  being  6°  to  8°. 

In  this  calculation  the  differences  of  temperature  of  coil, 
water  and  thermometer  are  assumed  to  be  constant  for  this 
interval.  The  water  is  cooler  than  the  coil  and  the  thermome- 
ter cooler  than  the  water.  Both  differences  depend  upon  the 
rate  of  generation  of  heat,  and  may  be  put  approximately 
proportional  to  the  scjuare  of  the  current  The  rise  of  the  ther- 
mometer after  breaking  the  circuit  is  due  to  these  differences 
and  was  found  to  be  less  than  0*^05.  The  variation  of  this 
quantity  during  the  interval  in  question  would  be  about  3  per 
cent,  as  the  current  changed  1*5  per  cent.  Hence  the  variatioa 
is  0°*0016,  and  as  the  rise  of  the  thermometer  is  6°  or  8°,  the 
error  is  negligible. 

Two  thermometers  were  used,  designated  as  Baudin  6165, 
and  Baudin  7820.  The  former  is  graduated  in  millimeters,  of 
which  about  12  equal  1^  C.  It  had  been  used  by  Professor 
Eowland  in  his  determination  of  the  mechanical  equivalent 
and  compared  several  times  with  the  air  thermometer.  Baudin 
7820  is  graduated  to  0°'l  C.  one  degree  occupying  about  a  centi- 
meter. It  had  been  compared  with  standard  thermometers, 
its  errors  plotted  and  the  error  for  each  degree  obtained  from 
the  curve.  The  following  tables  give  the  reduction  to  the 
absolute  scale. 

The  table  for  6165  is  condensed  from  Professor  Rowland^s 
paper^  on  the  mechanical  equivalent  Change  in  the  zero 
pomt  has  no  effect  on  the  differences  of  temperature  used,  but 
the  zero  points  were  determined  occasionally  in  order  to  get 
the  mean  absolute  temperature. 

The  correction  for  radiation  was  made  in  the  following  man- 
ner:    The  groups  of  thermometer  readings  taken  after  oreak- 
ing  the  circuit  were  reduced  to  mean  readings  .at  mean  times. 
Any  two  of  these  mean  readings  gftive  \>[i^  t^ft\»X\o\!L  fet  ^tve 
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interveniag  time.    I£  f  acd  f  are  the  temperatures  at  the  b^n- 
niog  aod   end  of  an  interval  of   T  minates,  and  r  is  the 
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inesn  temperature  of  tbe  jacket  during  the  interval,  then 
('-{"=(^[J{('+(")—t],  where  c  is  the  coefficient  of  radiation. 
In  tbe  calcalation  of  c,  atem-correctiona  were  applied  and  a 
correction  made  for  the  heat  generated  by  the  stirrer.  Hence 
in  tbe  main  experiment  tbe  temperature  correction  for  an 
interval  T'  is  J=cT'[J{fl'+»")-r']+K,  wbere  s'  and  s"  are 
tbe  observed  temperatures  corrected  for  stem-error,  r'  ia  tbe 
aiean  temperature  of  the  jacket  and  K  is  the  stirrer-correction. 
Tbe  sum  of  the  corrections  J  from  the  beginning  of  the  experi- 
ment added  to  tbe  stem-corrected  observed  lemperature  at  any 
pcNDt  gives  tbe  temperature  wbicb  would  have  been  reached  in 
:heal»ence  of  radiation.  The  ditference  between  any  two  of 
these  theoretical  temperatures  multiplied  by  the  heat  capacity, 
^ves  tbe  beat  generated  in  the  interval. 

Tbe  coefBcients  of  radiation  were  found  to  decrease  with 
decreasing  difFerence  of  lemperature  between  calorimeter  and 
jacket  When  this  decrease  was  regular  tbe  corresponding 
Tulae  of  c  was  used  for  each  small  interval  of  tbe  main  experi- 
meoL  When  the  decrease  was  small  and  irregular,  tbe  mean 
value  of  c  for  that  day  was  used  throughout.  In  the  revision 
of  the  calculations,  stem  and  stirrer  corrections  were  neglected 
Id  the  calculation  of  both  c  and  J,  it  being  obvious  that,  both 
being  small  and  quite  regular,  they  are  eliminated  in  this  way, 
tnd  the  value  of  c  corresponding  to  tbe  difference  between 
calorimeter  and  jacket  for  each  small  interval  of  the  main 
experiment  was  used  in  all  cases.  The  mean  results  of  tbe 
two  methods  d'lffer  about  1  part  in  1,000,  and  llie  fixates  \n 
tie  table  of  results  below  are  the  tneabs  of  botVi  ca\cu.\aX\QU5 
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The  mean  values  of  c  for  the  different  experiments  vary 
between  0"*  "0086  and  0°-0046,  the  general  mean  being  0°"0040, 

The  mean  radiation  correction  is  about  5  per  cent,  and  is  the 
most  important  source  of  variable  error  in  the  experiment,  as 
the  temperature  differences  are  small  and  errors  of  reading 
have  a  large  effect  But  a  ten  per  cent  error  in  the  radiation 
would  only  involve  an  error  of  1  part  in  200  in  J,  and  as  the 
errors  are  irregular  they  are  in  a  great  measure  eliminated 
from  the  final  result 

The  calorimeter  was  composed  of  246  gr.  copper,  45  gr.  brass, 
and  6  gr.  solder.  The  specific  heat  of  a  mixture  of  these  pro- 
portions was  measured  with  Begnault's  apparatus.  Six  deter- 
minations gave  the  value  *0S99=b*0005  tor  the  mean  specific 
heat  between  24®  and  100°.  Reduced  by  Bdde's  law  for  cop- 
per to  the  mean  temperature  of  my  experiments,  it  becomes 
*0877.  The  capacities  of  the  coil  and  glass  rods  were  calcu- 
lated from  published  tables.     The  whole  capacity  is  as  follows: 

Calorimeter 302-1  X'08'77=26-49 

Coil 82-/^X*0824=   1-06 

Glass  rods 9-OX   'ITTss  1-59 

Thermometer  estimated  at 1*25 

Total  capacity 30*4 

The  values  of  the  deflections  were  obtained  by  a  graphical 
method.  The  galvanometer  readings  fell  into  4  groups,  Img 
about  26**  and  8**  45'  on  each  side  of  the  zero  point  The 
readings  of  each  group  were  plotted  separately  as  functions  of 
the  time.  From  each  curve  tne  theoretical  mean  reading  for 
each  interval  between  two  temperatures  used  in  tlie  calculation 
of  J  were  obtained  by  measuring  a  large  number  of  equidistant 
ordinates,  calculating  the  area  of  the  curve  and  dividing  by 
the  base  line.  Tf  a,  ft,  c  and  d  are  the  mean  readings  thus  ob* 
tained,  2<?=a— 6  and  2<?'=c— rf  as  the  galvanometer  was  grad- 
uated from  0**  to  860*^.  Thus  the  zero  point  was  not  used, 
though  observed  before  and  after  each  experiment 

Below  are  the  results  of  one  experiment  in  detail.  Each 
value  of  J  is  calculated  from  the  two  temperatures  found  in  th» 
same  horizontal  line. 

Series  of  December  9th.  ^ 

Weight  of  calorimeter  and  water  before  experiment..   1157*2 
Weight  of  calorimeter  and  water  after  experiment 1157*0 

1157.1 
Weight  of  calorimeter 343*7 

613.4 

Capacity  of  calorimeter 30*4 

843« 
Cspacity  reduced  to  weight  in  vacuo -    ^W% 
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Ebrizontal  magnetic  force  before  experiment *1 960 

Horizontal  magnetic  force  after  experiment *1 963 

Mean 19615 

• 

Temperatnre  of  jacket 21°-6  to  21*'-6 

Temperature  of  air  near  stem 22°-8  to  2d°-4 

Temperature  of  80,000  ohm  coil 2r*5  to  22°-3 

Thermometer  in  calorimeter Baudin  7320 
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Following 

is  the  general  table  of  results  : 

Dite. 

Not.  24. 

Dec.  9. 

Dec.  14. 

Dec.  20. 

Dec.  22. 

Jan.  26. 

Feb.  16. 

IkrmoiDeter .. 

7320 

7320 

6165 

6165 

6165 

6165 

6165 

Aopiof  witer 

24*-3 

25'4 

27*0 

26'-6 

26'-3 

27'-2 

26'-2 

.TI»p.ofR'... 
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22'1 
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19M 
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4240 

4181 
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lOOOO 
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XiiDi 
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The  greater  number  of  results  on  Nov.  24  is  due  to  the 
Act  that  single  thermometer  readings  were  taken  instead  of 
groups.  The  two  experiments  with  7320  show  the  ^teaX^aX 
rsriatJOD  from  the  mean,  but  the  mean  of  these  two  agvees> 
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closely  with  the  general  mean.  Experiments  made  on  Kov. 
29  and  Dec.  6  were  rejected  on  account  of  leakage  of  8  and  6 
grams  respectively.  The  results,  however,  are  4220  and  4227, 
falling  within  the.  limits  of  the  series.  The  duration  of  the 
expenment  was  less  than  one-fifth  of  the  interval  between  the 
two  weighings  of  the  calorimeter,  and  probably  the  loss  during 
the  experiment  was  the  same  fraction  of  the  whole  loss. 
Furthermore,  the  leakage  during  the  radiation  experiment 
would  affect  the  radiation  coefficient  in  such  a  manner  as  to 
approximately  compensate  for  the  efifect  of  leakage  during  the 
main  experiment.  For  these  reasons  I  have  retained  the 
experiments  of  Jan.  26  and  Feb.  16,  which  showed  a  leakage 
of  1  gr.  and  1'5  gr.  respectively,  but  have  given  the  results  half 
the  weight  of  the  others.  The  remaining  experiments  are 
satisfactory  in  this  respect,  the  loss  being  a  few  tenths  of  a 
gram,  due  principally  to  the  removal  of  the  thermometer. 

The  result  of  the  experiment  is  J=42,039,000  O,  where  0  is 
the  value  of  one- tenth  of  the  10  ohm  coil  in  earth-quadrants 
per  second.  Beduced  to  the  new  value  for  the  constant  of  tbo 
sine  galvanometer,  it  becomes  J  =  42,055,000  O. 

I  have  also  calculated  the  experiment  from  the   formultt 

J=  —J—,  where  R  is  the  resistance  of  the  calorimeter  coil  as 

n 

measured  in  the  ordinary  manner,  corrected  to  the  mean  tem- 
perature of  the  water  and  further  corrected  for  superheating. 
I  estimated  the  superheating  from  observations  of  the  main  and 
derived  currents  when  the  strength  of  the  former  was  varied. 

The  expression should  give  the  true  resistance  of  the  coil 

at  any  instant     When  the  currents  are  smaller  the  superheat- 

c'R' 
ing  is  less  and  the  comparison  of  the  value  of  —  for  a  zero 

c 

current,  obtained  by  graphical  extrapolation,  with  its  value  for 
the  full  current,  should  give  the  superheating.  The  method  isi 
not  very  accurate,  as  the  observations  with  the  smaller  currentsi 
are  uncertain.  I  find  the  increase  of  resistance  due  to  super- 
heating to  be  about  1  part  in  700,  corresponding  to  a  difference 
of  temperature  of  2°  C.  When  this  correction  is  applied  the 
second  method  of  calculation  gives  J=  42,156,000  O. 

This  result  depends  upon  the  square  of  the  main  current^ 
and  as  the  temperature  of  the  coil  changed  6®  or  8®  during  the 
experiment,  its  mean  resistance  is  somewhat  uncertain.  Henoe 
this  result  has  not  the  weight  of  the  former. 

The  discovery  of  this  discrepancy  has  greatly  delayed  the 

publication   of   this  paper.     It  may  be  due  to  conduction  tc 

the  water,  which  was  guarded  against  by  varnishing  the  wir^ 

and  using  distilled   water,  but  waB  not  proved  not  to  exists 


in  Terms  of  the  Mechanical  Equivalent  of  Heat        83 

For,  let  E  be  the  difference  of  potential  of  the  ends  of  the 
coil,  t  the  E.  M.  F.  of  polarization,  B  and  r  the  resistances  of 
coil  and  water  respectively.     Then  the  current  in  the  coil  is 

C=  «  and  the  current  in  the  water  is  c= ^ 

K  r 

The  energy  converted  into  heat  is 

Id  the  first  method  of  calculation  above  the  energy  is  com- 
puted as 

In  the  second  method  it  is  computed  as 

(C+cyR=  |l[l  +  ^(1-  J)]  +  smaller  terms. 

E  was  over  6  volts,  e  is  about  1*6  volts.  Hence  the  second 
Tcsalt  is  larger  than  the  first,  which  agrees  with  the  facts,  and 
the  error  or  the  first  is  less  than  one-fourth  of  the  difference 
between  the  two.  The  discussion  shows  that  the  first 
method  of  calculation  is  to  be  preferred,  and  I  therefore  take 
J  =  42,055,000  O  as  the  result 

Since  the  completion  of  my  experiments,  a  10  ohm  Elliott 
standard  in  the  possession  of  the  University  has  been  compared 
with  the  Cambridge  standards  and  found  correct  at  20  '9  C. 
My  standard  has  been  compared  with  this  with  the  following 
result: 

^'i.^'^>^''r"^  =  1-00168  in  1878 
Elliott*s  coil, 

"  "  =  1-00170  "  1882 

"  **  =  1-00173  "  1883 

Id  these  comparisons  the  Elliott  coil  was  taken  at  16° '3  C,  as 
marked.     Also  we  have 

Elliott  coil  at  20°'9  ^ 

Elliott  coil  at  16° -3 

1-0017 
Hence  0  =  t^a  =  1*0003  B.A.  units  and  J  =  42,068,000  X 
l-UOli 

value  of  B.  A.  unit  in  earth -quadrants  per  second. 

Rowland*  has  discussed  Joule's  values  and  reduced  them  to 

the  air  thermometer  and  the  latitude  of  Baltimore.     The  mean 

of  the  best  results  from  the  friction  of  water,  in  1850  and 

1878,  thus  becomes  42655  kilogram-meters  or  41,805,000  C.G.S. 

atl4l°  C.     This,  according  to  Rowland's  results  for  the  tem- 

*  Proceedings  of  American  Academy  of  Arts  and  Sciences,  1880. 

kM.  JouB.  8cL — Third  Sebies,  Vol.  XXX,  No.  175. — Jult,  Iftft^. 
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perature  variation,  corresponds  to  41,608,000  at  26°,  the  mean 
temperature  of  my  experiments.  Bowland^s  value  at  26^  is 
41,720,000.     Combining  the  mean  of  these,  41,664,000,  with 

my  result,  I  find  1  B.  A.  unit=7^^^^..=  "9904  earth-quad- 
-^  42,068,000  ^ 

rants  per  second. 

This  research  cannot  compare  in  weight  with  the  elaborate 

determinations  of  the  ohm  by  direct  methods,  which  have  been 

made  in  England  and  this  country  since  the  conclusion  of  my 

experiments,  but  as  few  results  by  this  method  are  at  hand,  I 

publish  it  as  a  slight  contribution  to  the  history  of  this  vexed 

subject.  * 

Marlborough,  N.  Y.,  April  15,  1885. 


Art.  IV. —  Oatcse  of  Irhregularities   in   the  Action   of  Oalvanic 
Batteries;  by  Hammond  Vinton  Hayes  and  John  Tbow- 

BRIDGE. 

In  the  May  No.  of  this  Journal,  1886,  is  described  an  apparatus 
devised  by  rrof.  John  Trowbridge,  for  photographing  the  de- 
flections of  a  galvanometer  needla     A  spot  of  light  is  reflected 
from  the  mirror  of  a  galvanometer,  and  from  a  fixed  mirror,  on 
to  a  sheet  of  sensitive  paper.    When  no  current  passes,  the  two 
spots  of  light  coincide ;  when  the  mirror  is  deflected,  one  spot 
marks  the  zero  of  the  scale ;  the  distance  between  the  two  spots 
showd  the  amount  the  mirror  has  been  deflected.     In  this  way 
all  variations  of  current  are  accurately  registered.     We  have 
tested  a  number  of  batteries  in  this  way,  and  have  found  that 
in  some  cases  the  current  was  comparatively  constant,  or  if  any 
variation  occurred,  it  was  of  the  nature  of  a  gradual  and  regu- 
lar fall.     Examples  of  this  action  are  to  be  seen  in  figures  1,  2 
and  8.     In  other  cases  the  action  was  exceedingly  irregular; 
not  only  were  there  many  marked  variations  in  the  strength  of 
the  current,  but  these  variations  were  made  up  of  a  multitude 
of  minor  fluctuations.     Both  of  these  actions  can  be  observed 
in  figures  4  and  5.     The  variations  in  some  cases  are  as  great 
as  twenty  or  thirty  per  cent  of  the  total  strength  of  the  current. 
It  seems,  therefore,  of  interest  to  find   to  what  causes  these 
changes  may  be  assigned,  especially  as  such  variations  would 
seriously  affect  delicate  experiments.     Moreover,  in  batteries 
used  for  incandescent  lighting  it  is  absolutely  necessary  to  ob- 
viRte  this  difficulty. 

It  was  observed  that  batteries  without  a  porous  partition 

were  not  subject  to  these  fluctuationa     Such  batteries  as  the 

LecJancbd  exhibit  smooth  unserraled  ewT>j«ft^'^Vx^x^»a^VV  Wv 
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mploying  porous  oups  show  irregularities  more  or  less 
I.     It  will  be  noticed  that  the  variations  may  be  divided 

0  classes,  one  a  general  undulation,  the  other  a  series  of 
[uctuations  which  make  up  the  undulations.  There  are, 
e,  two  separate  actions  which  cause  these  irregularities : 
liminution  in  the  current  strength,  caused  by  the  pores 

partition  becoming  filled  with  the  base,  ana  thus  pre- 
r  action  until  it  has  been  dissolved  and  fresh  acid  can 
the  zinc ;  second,  a  diminution  of  the  acid  at  the  posi- 
>le,  and  a  consequent  decrease  in  current  This  action 
to  electrical  endosmose.  The  undulations  are  due  to  the 
these  causes ;  the  fluctuations  to  endosmose.  It  will  be 
3d  that  the  fluctuations  in  all  cases  begin  as  soon  as  the 
;  is  made,  and  before  it  is  possible  that  the  partition  can 
>ecome  so  impregnated  as  to  cause  an  interruption  to  the 
;.  This  can  oe  well  seen  in  figures  4  and  5.  This  shows 
e  fluctuations  and  undulations  must  be  due  to  different 
In  figure  4  the  undulation  is  very  marked.  This 
is  the  photograph  of  the  action  of  a  battery  using  a  very 
porous  cup.  Figure  3  shows  the  action  with  a  cup,  the 
ize  as  that  used  in  figure  4,  made  of  ordinary  unglazed 

We  find  here  no  action  whatever.  We  should  suppose 
he  above  experiments  that  the  more  dense  the  partition 
re  liable  would  it  be  to  become  clogged,  whereas  with  a 
orous  cell  there  should  be  very  little  resistance  offered, 
•ve  this,  a  cup  of  very  porous  earthenware  was  compared 
ne  much  denser ;  figures  7  and  8  show  the  results.  In 
se  of  the  porous  cup  the  action  is  without  undulations, 
m\h  the  other  the  undulations  are  quite  marked, 
nvestigate  the  action  of  endosmose,  a  very  irregular  open 
battery  was  employed,  consisting  of  a  solution  of  bichro- 
f  potassium  and  sulphuric  acid,  into  which  were  plunged 

1  of  carbon  and  a  porous  cup  containing  zinc  surrounded 
rcury.  In  the  action  of  a  galvanic  battery  there  are 
eparate  actions  which  take  place  : 

A  decomposition  of  the  electro-positive  ion  at  the  posi- 
3ctrode. 

A  decomposition  of  the  electro-negative  ion  at  the  nega- 
jctrode. 

The  electric  current  carries  whatever  comes  in  its  way 
be  positive  to  the  negative  electrode, 
this  last  which  is  called  endosmose,  and  which  we  wish 
jsiigate. 

as  discovered  by  Breda  and  Logeman  that  in  a  continu- 
uid  this  third  action  disappeared,  and  only  when  a  porous 
3n  was  introduced  was  this  phenomenon  observer!.  This 
with  the  above  stated  theory ;  for  no  such  ftviclwsiUow^ 
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are  obeerved  in  single  fluid  batteries.  The  laws  which  go\ 
this  action  were  very  carefully  studied  by  Wiedemann.  Ov 
to  this  transporting  force  the  heights  of  the  liquid  on  the 
sides  of  the  porous  jar  are  di£ferent,  being  higher  on  the  i 
which  is  nearest  the  positive  electrode  When  a  strong  cun 
acts,  more  liquid  is  driven  through  the  partition  than  wii 
weak  current;  moreover,  the  greater  the  resistance  of 
liquid,  the  more  is  driven  through.    From  this  we  find  that 


8 

yx. 

■.j^ 

6 

7 
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porous  jar  increases  the  base  or  metal  transported  to  the  n< 
tive  pole,  and  diminishes  the  quantity  of  acid  at  the  posi 
pole  in  the  case  of  sulphuric  or  nitric  acids.  Again,  if  we 
crease  the  surface  of  tne  jar,  the  force  tending  to  transport 
liquid  is  diminished,  but  it  is  increased  if  we  increase  the  th 
ness  or  density  of  the  partition. 

If  now  we  have  a  strong  current,  and  a  small,  thick  < 
there  will  be  a  maximum  force  tending  to  drive  the  liquid 
base  from  the  positive  pole,  and  a  consequent  decrease  in 
strength  of  the  current.     The  firal  case  '\*  ^eW  eiwrai^Ufift^ 
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re  4,  in  which  the  fluctuations  are  very  marked.  The  cup 
i  was  very  small  and  dense.  Figure  8  shows  the  action  of 
ell  of  ordinary  unglazed  paper  of  large  dimensions.  The 
rent,  which  was  as  nearly  as  possible  of  the  same  strength  as 
Sgure  4,  is  perfectly  uniform.  Figure  1  is  a  photograph  of 
action  of  a  cell  made  of  a  paper  known  as  parchment  paper. 
!  asain  find  a  regular  action.  Wishing  to  make  a  slightly 
"e  dense  cell,  one  was  constructed  of  parchment  of  the  same 
!  as  those  employed  above.  The  action  of  the  battery  with 
I  cell  is  shown  in  fig.  6.  It  will  be  noticed  that  very  slight 
auations  occur  at  the  beginning,  and  in  parts  of  the  line. 
•*igure  7  shows  the  action  of  a  cell  presenting  a  large 
face,  but  made  of  very  dense  earthenware.  In  this  way 
at  advantage  is  gained,  for  if  the  cell  had  been  of  the 
inary  size,  its  fluctuations  would  have  resembled  those  in 
are  4. 

iV^e  can,  therefore,  say  that  there  are  two  causes  of  irregu- 
iiy  in  the  action  of  galvanic  batteries,  and  that  both  difficul- 
3  are  overcome  by  making  a  partition  of  as  large  surface 
nensions  as  possible,  and  by  using  very  porous  material. 

Jefferson  Physical  Laboratory. 


RT.  V. —  On  the  Sensitiveness  of  the  Eye  to  Colors  of  a  Low 
Degree  of  Saturation  ;*  by  Edward  L.  Nichols,  Ph.D. 

)sA  at  the  Philadelphia  meeting  of  the  American  Association  for  the  Advance- 
ment of  Science.] 

Every  one  who  has  had  occasion  to  mix  colors  has  noticed 
It  an  exceedingly  small  amount  of  any  pigment  will  impart 
hue  to  a  very  large  quantity  of  white.  One  part  of  red 
d,  for  instance,  will  color  a  million  parts  of  a  white  powder 
e  the  carbonate  of  magnesium,  and  even  a  smaller  proportion 
m  that  is  distinguishable  by  the  average  observer,  as  will 
3earfrom  the  experiments  to  be  described  in  this  paper. 
This  observation  is  strikingly  at  variance  with  the  results 
^ined  by  other  methods  of  mixing  colors.  It  has  been 
)WD,  for  example,  by  Aubertf  that  a  disk,  less  than  -^  of 
ich  is  painted  (radially)  with  any  pigment,  the  remainder 
ng  white,  cannot  when  in  rotation  be  distinguished  from  an 
:irely  white  disk. 

We  have  attempted  to  measure  the  sensitiveness  of  the  eye 
this  respect,  by  determining  the  smallest  proportion  of  various 
loring  matters  which,  when  mixed  with  a  white  powder,  will 

'  This  is  one  of  a  series  of  researches  on  the  special  senses  by  E.  H.  S.  Bailey 

I E  L.  Nichols. 

Rood:  Modem  Chromatics,  p,  39. 
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give  it  a  perceptible  tint  The  pigments  selected  were  red 
lead,  chromate  of  lead,  chromic  oxide  and  ultramarine  blue. 
These  were  in  the  form  of  powder,  the  red  and  blue  being 
the  red  lead  and  artificial  ultra-marine  of  commerce,  whereas 
the  chromium  compounds  were  freshly  prepared  by  precipita- 
tion. Each  of  these  pigments  was  mixed  with  white  in  the 
following  manner.  About  ten  cubic  centimeters  of  the  powder 
was  mixed  in  the  dry  state  with  an  equal  volume  of  magne- 
sium carbonate,  the  mixture  was  divided  into  two  equal  parts, 
half  of  it  was  again  mixed  with  its  own  volume  of  the  white 
powder,  the  product  was  again  subdivided  and  the  process  of 
mixing  with  white  by  equal  parts  was  repeated  until  all  traces 
of  color  had  disappeared.  Since  at  each  stage  of  the  process 
only  half  the  material  was  used  for  further  dilution,  there 
remained  a  series  of  colored  powders  of  which  the  pure  pig- 
ment formed  the  first,  while  the  succeeding  numbers  were  of 
less  and  less  saturated  hue,  and  finally  could  not  be  distin- 
guished from  white.  These  mixtures  were  put  into  small  vials 
of  white  glass  and  labelled  in  such  a  manner  as  to  ensure  their 
recognition  by  persons  acauainted  with  the  code  and  at  the 
same  time  to  preclude  the  detection  of  the  nature  of  their  con- 
tents from  the  label,  without  such  knowledge. 

For  the  purpose  of  ascertaining  the  degree  of  saturation  at 
which  the  presence  of  these  pigments  becomes  perceptible  to 
the  eye,  the  four  sets  of  bottles,  containing  mixtures  of  red  and 
white,  yellow  and  white,  green  and  white,  and  blue  and  white, 
were  mingled  indiscriminately,  and  the  observer  whose  eye 
was  to  be  tested  was  requested  to  arrange  those  in  which  be 
could  detect  any  trace  of  color,  according  to  hue  and  degree  of 
saturation.  The  bottles  were  afterwards  inspected  by  some 
one  acquainted  with  the  code  of  labels,  who  threw  out  those 
not  in  the  proper  set  and  recorded  the  number  of  bottles 
remaining  in  each  set  and  the  number  of  each  color  which  had 
been  properly  placed  as  to  shade.  From  the  former  record 
the  sensitiveness  of  the  eye  to  colors  of  low  saturation  was 
determined;  the  latter  data  served  to  indicate  the  ability  of 
the  observer  to  detect  small  differences  of  shada 

Fifty  four  persons,  all  of  them  with  two  or  three  exceptions 
between  the  ages  of  fifteen  and  thirty,  were  examined  in  this 
way.  The  Holmgren  worsteds  had  shown  one  of  them  to  be 
completely  green  blind,  three  partially  so  and  one  partially 
red  blind.  Color-blindness  was  not  found  to  affect  in  any 
marked  way  their  ability  to  classify  the  colora 

This  method  of  measuring  the  sensitiveness  of  the  eye  is  not 

in  all  respects  satisfactory.     A  method  in  which  pure  spectral 

tints  mixed  with  white  light  could  be  compared  with  a  field 

jllaminated  by  white  light  alone  and  t.\\e  ^imoxiTiX.  ol  xasyaa^vi- 
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matic  light  lessened  until  its  effect  was  lost  to  the  eye,  would 
certainly  be  better;  but  ease  and  rapidity  of  execution  were 
esBential  where  so  many  individuals  were  to  be  tested  and 
where  the  time  of  those  who  kindly  presented  themselves  for 
the  purpose  was  limited.  Moreover,  the  study  of  spectral 
tints  would  not  give  results  directly  applicable  to  pigments, 
and  it  is  the  latter  with  which  we  have  to  do  in  many  practical 
problems  in  the  science  of  chromatics.  An  exhaustive  study 
of  this  subject  would  involve  the  use  of  both  methods. 

Table  I  gives  the  general  results  of  the  fifty-four  tests.  The 
averages  for  males  and  for  females  are  given  separately  for 
purpose  of  comparison.  The  numbers  indicate  in  each  case 
the  amount  of  coloring  matter  present  in  one  hundred  million 
Tolames  of  white,  in  the  most  dilute  mixture  which  can  be 
distinguished  from  a  pure  white  by  the  average  observer. 

Table  I. 

IMber  of  porta  of  coloring  maUer  Viai  must  be  mixed  with  100,000,000  parts  of 

white  in  order  to  affect  the  tint  of  the  compound, 

Chromate  Cbromlc 

Bed  lead.  of  lead.  oxide.  Ultramarine 

ATOtge  for  31  males 16*9  17-3  817-7  U8-6 

Avenge  for  23  females 69*8  332  913*6  lOS'l 

ATeiage  for  both  aezea 26*2  23*9  864*2  126-6 

The  popular  impression  that  in  woman  the  special  senses  are 
mors  finely  organized  and  delicate  than  in  man,^  a  view  con- 
siderably strengthened  so  far  as  color-perception  is  concerned 
by  her  well  authenticated  exemption  from  color-blindness, 
finds  DO  support  from  these  experiments.  As  will  be  seen 
from  the  above  table  the  average  male  observer  is  measurably 
more  sensitive  to  red,  yellow  and  green,  while  the  female 
shows  superiority  in  the  blue  alona  Quite  as  interesting, 
perhaps,  is  the  manner  in  which  the  relative  sensitiveness  of 
the  eje  varies  with  the  wave-length.  If  the  corresponding 
data  for  mixtures  of  white  and  monochromatic  light  were 
obtaiDable  it  would  be  possible  to  indicate  by  curves  the  vari- 
ations of  the  sensitiveness  of  the  eye  in  this  particular.  The 
\\fihi  reflected  by  pigments,  however,  is  so  far  from  being 
moDOchromaticf  that  it  is  out  of  the  question  to  attempt  to 
assign  them  any  place  in  a  pure  spectrum,  and  curves  con- 
stmcted  upon  the  assumption  that  pigments  are  representative 
of  definite  wave-lengths  would  be  of  interest  only  as  illustrat- 
ing in  a  very  imperfect  way  the  general  character  of  the  curves 
which  might  be  obtained  by  a  more  precise  method. 

*  Some  experiments  upon  the  sense  of  smeil,  carried  on  at  the  same  time  as 

ind  ptrtlj  in  connection  with  the  testd  described  in  the  present  paper,  indicate 

that  in  the  case  of  manj  common  odors  also,  delicacy  of  perception  is  much 

more  marked  among  men  than  among  women.     (E.  H.  S.  Bailey:  Proceedings  of 

the  Kansas  Acad,  of  Sciences,  1884.) 

/See  "A  epectra-phototnetric  study  of  pigments,'^  American  JouTneiV  ol  ^Vfeiit^, 
ro/,  jun'ii,  Nov.,  J 884. 
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The  variation  from  these  averages,  in  the  case  of  individoal 
observers,  was  very  marked.  Of  the  fifty -four  persons  tested, 
eight  (five  males  and  three  females),  could  distinguish  trie 
presence  of  vellow  in  a  mixture  of  three  parts  of  that  pigment 
in  one  hunared  millions,  while  two  individuals,  both  of  them 
females,  failed  to  detect  it  in  mixtures  containing  less  than  one 
hundred  and  ninety  parts  in  one  hundred  millions.  Like 
differences  were  met  with  in  the  sensitiveness  of  the  eye  to 
other  colors,  and  the  relative  sensitiveness  to  different  colore 
was  not  the  same  for  all  observers. 

The  lack  of  delicacy  in  respect  to  green  was  a  very  general 
trait.  Only  three  observers  were  as  sensitive  to  green  as  to 
blue,  and  in  the  case  of  but  one  individual  was  the  power  of 
detecting  the  former  color  equal  to  the  sensitiveness  to  yellow. 
The  thought  suggests  itself  tnat  the  failure  to  detect  green  may 
be  due  to  a  blunting  of  the  nerves  which  respond  to  that  color 
by  continual  exposure  to  green  foliage.  An  investigation  of 
the  relation  between  the  sensitiveness  of  the  eye  to  colore 
mixed  with  white  and  the  form  of  the  three  primary  colo^ 
curves  of  the  eye  would  add  to  our  knowledge  of  this  sabiect. 

The  striking  discrepancy  between  these  results  and  those 
obtained  by  the  method  of  rotating  disks,  the  eye  recognizing 
with  ease  and  certainty  one  part  of  coloring  matter  in  many 
millions  when  mechanically  mixed  with  white,  and  failing  to 
detect  one  part  in  a  few  hundred  parts  (i.  e.,  360  parts)  when 
mixed  by  rotation,  shows,  in  our  opinion,  that  the  eye  while 
watching  a  revolving  disk  is  in  an  abnormal  condition,  and 
that  quantitative  results  obtained  by  this  favorite  method  of 
combining  colors  are  not  always  comparable  with  those  which 
we  get  by  the  actual  mixture  of  white  and  colored  light,  or  by 
the  mechanical  mixture  of  pigments.  In  view  of  the  large 
number  of  researches  upon  Chromatics  and  Physiological 
Optics  in  which  the  revolving  disk  has  been  used,  a  special 
study  of  the  condition  of  the  eye  during  the  observation  of 
the  disk,  and  a  comparison  of  the  results  of  this  method  with 
those  obtained  in  other  ways  is  greatly  to  be  desired.  In  this 
manner  alone  can  the  limits  of  usefulness  of  this  exceeding 
sinriple  and  convenient  method  be  determined. 

The  tests  of  the  power  of  recognition  of  small  differences  of 
shade  were  undertaken  chiefly  as  a  further  means  of  compar- 
ing the  attainments  of  the  sexes  in  delicacy  of  color  peroepti»n. 
The  method  was  not  adapted  to  the  direct  determination  of 
the  smallest  difference  of  saturation  which  can  be  perceived, 
but  our  experience  with  the  series  of  colors  already  described 
showed  that  the  neighboring  members  were  quite  as  closely 
allied  in  shade  as  was  compatible  with  their  recognition. 
Indeed,  of  Sfty-four  observers  not  one  ^ncceediedL  vo.  ^\^\t\%^^ 
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the  yials,  the  colors  of  which  were  perceptible  to  him,  in  their 

proper  places  in  the  series.     The  two  nearest  approaches  to 

complete  accaraoy   consisted  in  the  correct  arrangement  of 

ninety  bottles  oat  of  ninety-two  in  the  one  case  and  of  ninety 

oat  of  ninety-three  in  the  other.      Although   these   records 

were  made  oy  male  observers,  the  average  for  the  other  sex 

was  noticeably  higher  than  that  of  the  males.     It  was  found 

that  of   all   the    mixtures    possessing   appreciable  color  the 

average  observer  of  each  sex  placed  the  following  proportions 

correctly: 

Table  II. 

Awge  aeewraeff  ofmaU  and  female  observers  in  detecting  the  degree  ofeaiwraiion  of 
-^ — ;  of  pigments  with  whUe,    ( Complete  aceuraey  tootUd  be  indicated  by  lOO'OO,) 


Xiks 


iced  lead. 

GliromAte  of  lead. 

Chromic  oxide. 

Ultramarine. 

86-86 

87-16 

92-81 

7813 

90-81 

93-24 

98-28 

82-92 

A  comparison  of  tables  I  and  II  shows  that  the  color  tereen) 
to  which  the  eye  is  least  sensitive,  so  far  as  the  ability  to 
detect  small  amounts  of  color  is  concerned,  is  the  one  in  which 
the  least  difficulty  is  met  with  in  noticing  differences  of  shade. 
Possibly  the  circumstance  already  suggested  as  the  cause  of 
the  deliciency  in  the  one  respect,  i.  e.,  continued  exposure  and 
consequent  loss  of  sensitiveness  to  green,  may  be  looked  to  as 
the  cause  of  the  increased  facility  in  the  other.  If  the  detec- 
tion of  colors  of  low  saturation  depends  upon  the  delicacy  oi 
the  eye  and  the  recognition  of  differences  of  shade  upon  prac- 
iictt  it  would  account  equally  well  for  both  peculiarities. 

An  examination  of  some  of  the  mixtures  used  in  the  fore- 
going tests  ander  a  half-inch  objective  magnifying  about  two 
hundred  diameters,  showed  that  the  pigments  consisted  of  well- 
formed,  glistening  crystals  about  y^"^  in  diameter.  These 
crystab  were  mingled  with  the  magnesium  carbonate  without 
imparting  any  trace  of  their  own  color  to  the  latter.  Under 
the  microscope  the  separation  was  perfect  and  the  contrast  of 
color  a  striking  ona  In  the  more  dilute  mixtures  it  was  often 
necessary  to  search  for  some  time  before  a  single  crystal  of  the 
pigment  could  be  found,  and  the  portion  placed  upon  the  slide 
did  not  contain,  in  some  cases,  more  than  five  or  six  crystals 
altogether.  To  the  naked  eye,  nevertheless,  the  mass  appeared 
perfectly  homogeneous,  and  unmistakably  colored.  Doubtless 
the  power  of  a  few  isolated  points  of  color,  too  small  to  be  rec- 
ognized individually  by  the  eye,  to  impart  their  own  hue  to 
the  entire  colorless  field  in  which  they  lie,  is  due  to  the  persist- 
ence of  the  color-impression  they  produce  upon  the  retina;  this 
impression  being  fused  with  the  impression  of  white  from  the 
remainder  of  the  field  of  view  bj  the  continual  movement  of 
the  eye  in  the  process  of  observation. 

Cniversity  cff  KaoaoBf  July,  1884. 
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Art.  VI.  —  A   Study  of  Thermometers  intended  to  meantrt 
Temperatures  from  lOO^-SOCtl  ,•  bj  O.  T.  Shebkan. 

It  is  well  known  that  when  a  thennomeiflr  is  heated  abovt 
a  certain  point,  the  mercury  column  is  permanently  displacec 
with  r^ara  to  tbe  scale.*  The  position  of  the  point  dependi 
upon  the  constitution  of  the  glass  forming  the  balb  and  npor 
the  previous  use  of  the  thermometer.  For  certain  glasses  dee 
ignated  by  the  maker  as  Q-erman  or  American  soda  aod  Cor 
nish  the  elevation  upon  a  new  thermometer  b^ns  at  111° 
For  a  flint  or  crystal  tube  tbe  point  is  nearer  300°.  Milli 
records  256°  as  bis  highest  observed  limit,  48°  as  his  lowest 
Our  experience  presents  nothing  lower  than  110°,  nor  higbei 
than  255".  The  latter  point  is  obtained  with  English  flint  oi 
French  crystal. 

By  much  use  or  long  heating  the  displacemeDt  frequent!; 
amounts  to  ten  degrees  Centigrade,  and  may  amount  to  26°.f 
To  assign  corrections  to  points  so  easily  displaced  is  evidentiv 
nugatory.  Tbe  Observatory  haa  therefore  hitherto  confinec 
its  corrections  to  points  below  that  at  which  the  ascent  begaa 

If  now  the  thermometer  be  exposed  to  a  high  temperatun 
for  some  honrs,  the  successive  positions  of  tbe  ice-point  vil 
be  found  to  arrange  themselves  in  a  curve  similar  to  that  ii 
the  adjoining  figure.     Thus,  for  the  first  eighteen  hours  dm 


Houn  of  beAting  st  300°. 

ing  which  the  thermometer  Y.  O.  80  was  held  at  300"  Cent 

frade,  tbe  zero  point  was  elevated  3°;  for  tbe  second  eigbteei 
ours  the  elevation  was  2'''2 ;  for  the  succeeding  periods  l°-7 
1°-1,  0°'8,  0°-Z  respectively. ±  Tbe  elevation  evidently  becoma 
less  and  less,  and  the  curve  becomes  more  nearly  parallel  to  the 
axis  of  abscissas.  This  same  thermometer  placed  in  a  bath  at 
200°  immediately  after  the  last  observation  rose  two-tentbso 

*  Uilla,  TranmctionB  Ro;at  Society  of  Edinburgb,  vol.  xxix,  part  II. 

/Cratta,  Comptee  RenduH,  IBBl  and  \'i,%1.. 
Weber,  ifetronomiache  Beiimg,  Ho,  \i\,  ?p.  \W,  \1-1- 
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^ree  in  the  first  twelve  houn>,  bat  no  chaDge  waa  detected 
ibe  following  handred  and  eight. 

The  question  presents  itself,  What  is  the  state  of  the  ther- 
meter  nfter  such  treatment?  First,  as  regards  the  action  of 
tzero.  In  the  adjoining  cut  we  have  compared  the  motion 
the  zeros  of  four  thermometers  before  and  after  treatment 


Movement  of  ihe  Zero, 
tbe  first  series  the  influence  of  the  rine  is  evident.  The 
tond  series  is  free  therefrom.  The  movement  of  the  zero 
'  tbe  higher  temperatures  is  similar  to  that  for  lower;  or 
J  mere  fact  of  beating  the  thermometer  now  produces  no  dis- 
lion  from  which  the  instrument  will  not  sensibly  recover. 
)oes  tbe  instrument  after  treatment  repeat  its  readings  'hWu 
osed  to  similar  conditions?    Do  its  indications  vary  V\\X\ 
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time  ?     We  have  observed   the  corrections  to  the  following  i 

treated  thermometers  on  Feb.  16th,  March  9th  and  22d,  and  ! 

April  15th.     The  record  is  given  in  the  adjoining  table  : 


• 

Feb.  16. 

Y.  0.  81  (Cent.). 
March  9.           March  22. 

April  19. 

Feb.  1^ 
April  15. 

©• 

-6°-6 

-6'-6    .          -6'-5 

-6"-5) 

100' 

-5'85 

-5-78             -5-76 

-*5-68  \ 

-0-16 

200' 

-6-3 

Y.  0.  89  (Cent). 

-6-1    ) 

0' 

-s'^-s 

-5'-5            -S'-S 

-6'-6  ) 

100* 

-4-1 

-4-0              —4-1 

-40    y 

-01 

200' 

-6-3 

Y.  0.  90  (Cent). 

-61    i 

0' 

-S'-O 

-8'-9            -8"*-6 

-8'-6  ) 

100" 

-6-8 

-70              -7  0 

-6-9    }. 

—0-06 

200* 

-6-3 

Y.  0.  20967  (Fahr.). 

-6-4    ) 

0" 

-16'-8 

-le'^          -I6''-9 

-IfOI 

212' 

-18-6 

-18-4            -18-6 

-18-6    1 

387' 

-26-2 

-25-2 

*■ 

+o-n 

420' 

-27-8 

••••               •••• 

-2V-2 

On  all  of  these  instruments  the  closeness  of  the  gradaation 
renders  an  error  of  observation  of  a  tenth  not  improbable,  so 
that,  with  one  exception,  there  is  no  difference  which  seems 
worthy  of  remark. 

These  observations  indicate  that  after  treatment  the  ther- 
mometer is  as  serviceable  as  a  measure  of  temperature  rangioff 
from  0^  to  300°  C.  as  the  standard  to  which  we  are  accustomed  ' 
is  for  the  range  0°  to  100°.     In  the  curves  representing  the  | 
movement  of  the  zero,  the  record  of  April  15th  is  represented  a 
by  a  dotted  line,  that  of  Feb.  16th  by  the  full  line.     The  former  S 
are  slightly  more  curved  than  the  latter.     Again,  in  the  final  ; 
column  of  the  preceding  table  are  given  the  mean  differences  ^ 
between  the  corrections  due  to  Feb.  16th  and  April  15th.   Both 
of  these  differences  we  would  interpret  as  small  effects  still  oc* 
curring  in  the  bulb,  such  as  occur  in  every  new  thermometer, 
rather  than  as  evidence  that  the  instrument  does  not  repeat 
itself. 

It  is  of  interest  to  ask  what  is  the  nature  of  the  change  which 
has  been  effected  in  the  glass.  If  we  compare  the  errors  before 
and  after  treatment,  we  obtain  the  following  differences: 


Y.  0.  81. 

Y.  0.  89. 

Y.  0.  90. 

0" 

4°-0 

4"-9 

7»-5 

100'' 

2-8 

2-9 

6-6 

200°  4-6  40  4-4 

The  differences  for  Y.  0.  20967,  upon  which  the  points  of  com- 
parison are  more  frequent,  are  given  in  the  adjoining  curve. 
These  differences  indicate  a  chaxvc^e  \tv  \*\i^  ^o^^^\^\i\»  <^V  ^v 
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paosion  of  the  elaaa.    The  amount  for  the  interval  O^-IOC  is 
nadily  calculated,  and  presents  us  with  the  followinf;  values : 

T.  0.  81 100.  s^  =  -  o-oooo« 

T.  0.  B8 =  —  0000022 

T.  0.  90 =  —  0-000003 

T.  o.  ao»ei..  =  +  0-000036 

Valnes  similar  to  the  first  two  have  been  previously  ob- 
served by  Weber.and  bv  Crafts.  *  The  latter  two  are,  as  far  as 
m;  knowledge  goes,  without  precedent. 

Again,  if  the  thermometer  be  preserved  at  ordinary  tempera- 
tares,  similar  changes  occur.  We  mav  instance  the  elevatiuo 
ol  tbe  z«ro  with  time.  Its  law  ie  similar  to  that  of  the  eleva- 
tion produced  by  heatins;  or,  analogies  occur  in  the  change 
is  the  fandamental  length  and  the  indicated  change  in  the 
eoef&cient  of  expansion. 


DiSnvnce  in  the  correcCioD  before  and  iftar  UeotmenL 
All  of  these  facta — the  condensing  of  the  material  forming 
tliebalb,  the  consequent  increase  of  its  in  termolecular  attraction, 
the  dependence  of  the  point  of  rising  upon  its  chemical  consti- 
tatioD,  the  similarity  of  the  changes  produced  by  time,  the 
ngntarity  of  these  changes — seem  to  indicate  the  cause  for  the 
one  aa  waiS  long  since  suggested  for  the  other,  in  a  partial  sepa- 
nMoD  of  the  crystalline  from  the  amorphous  bulb-constituents. 
II  the  view  is  correct,  it  argues  well  for  the  stability  of  the 
treated  instrument.  The  change  will  have  been  produced  at 
llie  expense  of  its  natural  life.  But  then,  few  thermometers 
ve  permitted  to  die  of  old  age.  The  correctness  of  the  view 
istbe  subject  of  a  separate  research. 

Ills  Collie  Obaerrakirj,  A.pril,  188S. 


Art.  til  —  Notice  of  a  new  Limuloid    Crustacean  from    Vie 
Devonian:   by  Hkney  Shaleb  Williams. 

AuoNG  the  fossils  collected  last  summer  for  a  comparative 
tnijy  of  the  Devonian  faunas,  an  interesting  form  was  dis- 
Wered  in  Erie  County,  Pennsylvania,  worthy  of  special  notice. 

The  specimen  was  found  in  the  bluish  sandstone  (which  in 
places  is  a  fine  pebbly  conglomerate)  at  Le  Bceuf,  called  the 
"3d  oil  sand"  by  Mr.  I.  C.  White  in  the  Report  Q*  of  the 
Serond  Geological  Strrrej  of  PewDsylvania  (p.  239),  ani  te- 
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prarded  by  him  as  the  equivalent  of  the  third  oil  sand  of  the 
Venango  oil  district  of  that  State.  In  the  same  stratum  and 
above  it  are  typical  Chemung  fossils. 

It  occurs  just  at  the  junction  between  the  sandstone  and  a 
stratum  of  soft,  fine  argillaceous  shale,  and,  in  the  process  of 
weathering,  the  fine  shale  has  been  washed  away,  leaving  a 
sharply  defined  cast  of  the  fossil  in  hard  sandstone,  though  no 
portion  of  the  original  crust  is  preserved. 

The  associated  species  are  Spin/era  VemtuUii  Murch.  (=^ 
diijuncia  Sow.),  ana  Rhynchonella  contracta  Hall;  and  in  the 
shales  just  above  the  sandstone  occur  Chouetes  scitula  Hall, 
^*  Choneies "  muricata  Hall,  an  Ambocoelia  umbonata  Hall,  a 
small  Productus  of  the  type  of  Hall's  ProducteUa  Baydii^  the 
coarse  ribbed  Orthis  Leonensh  Hall,  and  a  BhynchonelTa  agree- 
ing with  some  of  the  wider  forms  of  R,  sappho  HalL 

The  fauna  is  the  characteristic  Upper  Chemung  fauna  of 
western  New  York  and  adjacent  area.  In  this  area  some  of 
the  species  oooar  among  the  earliest  Chemung  species;  no 
characteristic  Carboniferous  types  have  been  detected.  The 
fauna  may  be  considered,  therefore,  as  a  pure  Devonian  fauna. 

The  general  form  and  simotare  of  the  specimen  place  it 
among  the  Merostomata  with  anchylosed  thoracioo-abaominal 
segments,  bat  as  only  the  under  side  is  exhibited,  its  identifi- 
cation with  Prestiifichia  must  be  regarded  as  provisional,  since 
we  are  ignorant  of  the  structure  of  the  under  surface  of  authen* 
tic  members  of  that  genus. 

I  propose  as  a  name  for  it, 


Snensis^  sp.  n. 

The  following  characters  exhibited  by  the  specimen  are 
regarded  as  generic  and  as  locating  it  in  the  genus  Prestwichia 
of  Woodward:  (1),  the  elliptical  head  shield;  (2),  the  genal 
spines  which  proceed  backward  more  directly  than  in  any 
described  species  of  the  genus:  (3),  the  thoracioo-abdominal 
s^ments  anchylosed  to  form  a  buckler,  to  which  is  attached 
(4)  a  long  telson.  The  general  outline  of  the  whole  animal 
resembles  that  of  the  modem  Limulus. 

The  evidence  of  a  solid  thoracico-abdominal  buckler  is  foQiid 
in  the  continuous  surface  across  the  bodv,  from  which  proceed 
four  ^visible)  short  mar:^nal  spines  each  side  the  telaon,  and 
upon  which  are  seen  at  least  eight  narrow  ridges  fanning  lon- 
gitudinally to  near  the  margin. 

The  remaining  characters  may  be,  in  part  of  generic  valoei 
but  they  constitute  the  distinctive  character  of  Uie  species,  as 
£ar  as  these  can  be  made  out  frum  the  specimen. 

The  under  side  of  the  body  presents  three  well  defined 
tracck  vim:  ^A  B\  the  cephalic  shield  which  is  evenlj  loanded 
za  noat  ami  is  laterally  prolonged  backward  into  two  geoal 
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spines  (C),  which  are  nearly  parallel  with  the  axis  of  the  body 

and  reach  nearly  to  a  point  opposite  the  posterior  margin  of 

ihe  backler.     The  cephalic  shield  along  the  median  line  is 

about  a  third  the  length  of  the  body  ;  (M  K)  the  space  between 

the  posterior  margin  of  the  cephalic  shield  and  the  anterior 

margin  of  the  buckler  containing  the  region  of  the  mouth  (M^ 

and  the  gnathopods  (K\  and  (F  D  H)  the  thoracico-abdominal 

backler,  marked  over  tne  surface  by  longitudinal  ridges  and 

by  marginal  spines,  and  terminating  in  a  long  stout  telson  (E). 

Traces  of  the  gnathopods  are  seen,  as  also  traces  of  the  folia- 

ceous  appendages  of  the  posterior  pair(L),  but  in  too  imperfect 

condition  for  exact  delineation.     Just  anterior  to  the  position 

of  the  mouth  is  seen  a  shield-like  elevation  (B),  upon  the  edge 

of  the  cephalic  shield,  which  has  the  appearance  of  an  hypos- 

toma.     The  condition  of  the  specimen  is  not  such  as  to  give 

absolute  certainty  to  this  interpretation,  though  the  symmetry 

of  its  form  is  strongly  in  favor  of  it.    It  is  possible  that  it  is 

merely  outlines  upon  the  surface  produced  by  crushing  during 

fossilizaiion.     There  are  faint  indications  of  joints  on  each  of 

the  anterior  set  of  gnathopods  (K  K). 

Along  the  center  of  the  thoracic  region  (H),  there  is  a  flat- 
tened depression,  traversing  longitudinally  from  the  anterior 
edge  of  the  plate  F,  backward  to  the  middle  of  the  telson  E. 

The  terminal  portion  of  the  telson  is  evenly  rounded.  Each 
side  of  the  median  line  of  the  buckler  there  are  visible  four 
clearly  defined  marginal  spines  {gg)\  there  were  probably  more 
of  them — six  I  have  supposed,  as  in  fig.  3,  but  concealed  in 
the  specimen  by  the  filling  between  the  buckler  and  genal 
spiDea. 

There  are  also  four  rounded,  longitudinal  ridges  on  the 
buckler  each  side  of  the  flattened  depression  H  ;  these  (t  i^ 
begin  abruptly  near  the  anterior  margin  of  the  buckler  ana 
run  almost  directly  backward,  tapering  to  a  slender  point  near 
the  margin  of  the  buckler. 

At  the  anterior  margin  of  the  buckler  there  is  a  narrow 
plate,  divided  into  a  median  and  two  lateral  parts  (F),  which 
appears  to  be  separated  from  the  buckler  itself  by  a  distinct 
furrow.  Laterally  this  plate  appears  to  curve  inward  and  lies 
below  (within^  the  surface  of  the  buckler,  and  the  median  por- 
tion extends  lorward  to  a  blunt  point.  I  have  interpreted  this 
as  probably  representing  the  consolidated  lamellar  appendages 
of  the  "first  and  second"  thoracic  segments  of  Eurypterus,  as 
defined  by  Hall  in  Paleontologv  of  New  York,  vol.  iii,  p.  398. 
The  telson  E,  is  nearly  two-thirds  the  length  of  the  body,  is 
flattened  at  the  base,  but  nearly  cylindrical  and  tapering  to  a 
blunt  point  at  the  extremity.  There  is  no  indication  of  its 
articoiation,  but  there  is  no  reason,  from  the  condition  of  the 
specimen,  to  presume  that  it  waa  not  articulated. 
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Above  are  given  all  the  characters  of  which  the  speoimeD 
presents  any  reasonable  suggestion.  I  have  ventured  to  put 
ao  interpretation  upon  some  of  the  characters  for  which  the 
eridence  is  slight  in  the  hope  that  those  possessing  specimens 
of  aoj  kindred  forms  mav  throw  light  upon  this  one  by  con- 
Srming  the  interpretation  here  given  or  suggesting  a  better  one. 

Fig.  1  represents  very  fairly  the  actual  appearance  of  the 
ipecimen  in  size  and  details.  It  is  a  photoengraving  from  a 
(rawing  of  the  original  and  photographs  of  it  made  by  Pro- 
easor  E.  C.  Cleves  of  Cornell  University. 

!>im«n^'cm#—ToUl  length 10- «° 

Greatest  width 6'7 

Length  of  telson  (about) 4* 

Length  of  buckler  (about) 2* 

Greatest  thickness  of  telson 0*7 

Torizon — Chemung  Group,   Upper  Devonian;    the  ^' third   oil 
sand  "  of  L  C.  White,  2d  Pa.  Survey. 

oco/i^y— LeBiBuf,  Erie  County,  Pennsylvania. 

The  original  specimen  is  among  the  collections  of  the  U.  S. 

eological   Survey,  and  will   be  deposited  ultimately  in  the 

ational  Museum. 

Comments. — This  specimen  throws  back  the  known  range  of 

estwiehia^  or  at  least  the  type  to  which  this  genus  belongs, 

an  earlier  stage  than  heretofore  reported.     The  earliest  pre- 

»usly  known  Preslwichia  occurs  in  the  Carboniferous. 

]f  my  interpretation  of  its  characters  be  correct,  Prestwichia 

rs  closer  relations  to  Limulus  than  is  suggested  by  other 

>wn  specimens,  and  also  it  possesses  features  linking  it  with 

lobites  and  Eurypterids. 

Explanation  of  Figures. 

1.  Prestwichia  Erienais  Williams,  sp.  n.    A  sandstone  cast  representiog  the 

under  surface ;  natural  size. 

2.  Diag^m  of  the  same. 

A.  Cephalic  shield. 

B.  THjpostoma. 

O.  Qe&al  spines  of  the  cephalic  shield. 

P.  Thoracioo-abdoininal  buckler. 

K.  Maon. 

JP.  F&rat  (and  second?)  segments  of  thorax  (?  anchylosed). 

Maiginal  spines  of  the  buckler. 

Flat  median  depression  extending  across  the  buckler  and  upon  the 
telson. 
iC  Longitudinal  ridges  of  the  buckler. 
JL  Portions  of  the  gnathopoda 
Ik  TVoHaceous  terminations  of  the  last  gnathopods* 
IC  Position  of  the  mouth. 
N.  Plrobable  place  of  articulation  of  the  telson. 

3.  l!lieoretioal  diagram  of  upper  side. 

TJniTersity,  April,  1885. 


^ 


K.  J<oum,  SoL^TaiBD  SERiESy  VoL.  XXX,  No.  175,  July,  18^5. 

4 


50       H,  L,  WeUs  and  &  L.  Penfield — GerJuirdtite^  etc. 


Art.  VIII. — Oerhardlite  and  Artificial  Basic  Cupric  Nitrates, 
by  H.  L.  Wells  and  S.  L.  Penfield.* 

We  shall  describe  in  the  present  article  a  natural,  crystallized 
basic  cupric  nitrate  and  a  crystallized  artificial  salt  of  the  same 
chemical  composition  but  of  diflFerent  crystalline  form.  We 
also  give  an  account  of  a  re-investigation  of  two  basic  cupric 
nitrates  to  which  have  been  ascribed  different  compositions,  but 
which,  as  we  shall  show,  have  the  same  composition  as  the 
basic  nitrates  described  by  us  and  by  other  investigators,  whose 
results  will  be  briefly  summarized. 

Gbbhabdtitb,  a  new  mineral. 

This  mineral  was  first  identified  as  a  new  species  by  Prof. 
Qeo.  J.  Brush,  who  found  it  among  a  lot  of  copper  minerals 
from  the  United  Verde  Copper  Mines,  Jerome,  Arizona,  which 
were  left  at  the  Sheffield  Scientific  School  by  Mr.  G.  W. 
Stewart,  assay er,  from  that  place. 

The  single  specimen  in  our  possession  consists  of  a  small 
piece  of  very  pure  massive  cuprite,  along  a  crack  in  which  the 
crystals  of  the  nitrate  occur,  together  with  acicular  crystals- 
of  malachite.  The  crystals,  4-6°*"  in  diameter,  were  few  ii^ 
number  and  were  almost  wholly  sacrificed  to  obtain  mate- 
rial for  investigation.  An  attempt  has  been  made  to  obtain 
more  of  the  material,  but  as  yet  no  other  specimens  have 
been  received,  although  we  are  in  hopes  that  more  may  be 
found  at  the  locality.  From  the  abundance  of  crystals  on  the 
specimen  in  our  possession,  it  would  seem  that  there  must  have 
been  a  quantity  of  it  found.  It  was  probably  regarded  as 
malachite  by  the  miners.  Another  Sipecimen  contains  crystals 
of  atacamite  on  the  cuprite. 

The  crystals,  which  were  carefully  separated  from  the  cuprite 
were  subjected  first  to  crystallographic,  then  to  chemical  exairx 
ination.  About  0*8  of  a  gram  was  obtained  almost  perfectly 
pure,  the  only  impurity  being  a  few  acicular  crystals  of  malo 
chite  which  sometimes  penetrated  the  nitrate  but  were  visibl 
only  under  the  microscope. 

The  hardness  of  the  mineral  is  2.  Specific  gravity  3*42  € 
Color  dark  green.     Streak  light  green.     Transparent. 

The  crystxils  after  being  detached  were  only  fragmentarj^ 
All  those  suitable  for  measurement  were  reserved.  They  wer< 
very  fragile  and  had  to  be  separated  and  handled  with  very  grea 
care.     The  crystals  are  orthorhombic,  having  the  habit  showr 

*  The  chemical  work  is  by  the  formoT,  t\\e  ctyBtallo^aphic  by  the  latter. 
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jndg.  1.  There  are  two  cleavages,  which  gerve  Tor  orientation, 
ODe  basal,  parallel  to  c,  as  perfect  as  the  most  perfect  cleavage 
of  gypautn,  a  second,  less  perfect,  par- 
allel to  the  raacropinacoid.  The  cryw- 
tals  can  be  readily  bent,  in  which  case 
they  crack  and  separate  along  the  lat- 
^ter  direction.  The  most  prominent 
forms  on  the  crystals,  besides  the  basal 
plane,  are  a  series  of  pyramids  occur- 
ring in  oscillatory  combination,  which 
cukes  (heir  indent! Gcaiion  somewhat  difficult.  The  best  meaa- 
uements  were  obtained  from  a  small  but  ver^  perfect  macro- 
dome  which  was  found  on  two  crystabi.  Owing  to  the  frag- 
oenlary  nature  of  the  crystals  and  the  difficulty  of  identifying 
tbe  pyramidal  planes,  their  orthorhombtc  form  might  be 
doabted  were  it  not  for  their  optical  properties. 

The  axial  ratio  was  obtained  from  the  following  measure- 
meDts: 


=  0'92n6:l:l'1663 


The  following  forms  were  observed  : 


p,    ui, 


1 


The  following  is  the  table  of  measured  and  calculated  angles, 
th«  measurements  being  made  on  eight  crystals,  the  number  of 
tiuiMeach  form  was  measured  being  given. 

OlcnULcd,  Meuirtd.  No.  of  Uoiei. 


110.110 

85 

20 

2D1  .  30l 

43 

38 

43 

34' 

001.  IIA 

90 

90 

15'-90 

35'              J 

001  .  551 

19 

83 

1 

001.231 

73 

40 

73 

53' 

001  .111 

59 

37 

59 

33'-59 

57'              6 

001  .  778 

56 

55 

57'-56 

19'              3 

001.334 

59 

52'-52 

20'              2 

001.7710 

50 

3 

49 

4e'-50 

38'              3 

001.223 

48 

40 

48- 

8'-49 

12'              8 

001  .  131330 

47 

57 

47 

11 '-47 

au;           5 

001.  112 

40 

2b 

13--40 

l3-13-30-13l3-2ll 

60 

27 

60 

9' 

1 

Onljf  distinct  reflections  were  recorded,  though  other  forms 
leemcd  to  be  present  but  were  not  definite  euougri  to  be  deler- 
roined.  The  variation  in  the  meaauremenls  is  large  and  may 
\ie&0Kin  pan  to  an  accidental  bending  of  the  crysVd\s.     Tte 
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forms  X  and  t;  with  improbable  indices  would  have  been 
garded  as  accidental  haa  they  not  occurred  repeatedly  giv 
very  distinct  reflectiona  Tabular  fragments,  parallel  to 
basal  cleavage,  show  under  the  polarizing  microscope  an 
tinction  parallel  to  the  macro-diagonal  cleav^e  lines  and 
convergent  light  a  bisectrix  normal  to  c,  001.  Tne  optic  axes 
in  the  brachypinacoid,  the  axial  angle  is  large  and  could  not 
measured  in  air.  Measured  in  the  heavy  solution  of  Hgl, 
KI  (n= 1-703  for  yellow,  1722  for  green).. 

2H  s=  76**  20'  for  yellow. 
2H=80*    4' for  green. 
Dispersion  fX^v, 

A  very  thin  section  had  to  be  used  to  obtain  the  character 
the  dispersion  as  moderately  thick  sections  were  practical 
opaque  to  vellow  light  The  indices  of  refraction  could  not 
determined  owing  to  the  want  of  suitable  material,  the  Eol 
rausch  total-reflectometer  giving  no  total  reflection. 

Double-refraction  is  strong,  negativa 

Pleocbroism  is  distinct: 

For  vibrations  parallel  to  c,  d  blue. 

"  «  "      "   6,  J  green. 

"  **  "       "   Q,  c  green. 

Ch4mic€U  conwoditian. — Qualitative  examination  showed  oi 
the  presence  of  CuO,  N,0,  and  H,0. 

I.  •SQVSlgram  yielded  -0467  H,0  and  -2634  CuO. 
II.  -3986  gram  yielded  -0449  H,0,  -2646  CuO,  and  19-7  cc.  dry 
at  12*8°  and  769  mm.  (cor.). 

Found.  Calculated  for 

I.  II.  4CuO .  N,0» .  3H, 

H,0 11-49  11-26  11-56 

CuO 66-26  66-38  66-22 

N,0. 22-26*  22-76  22-62 

100-00        100-40         100-00 

Pyrognostici,  ike.    B.B.  fuses  at  2,  coloring  the  flame  gre 
With  soda  on  coal  easily  reduced  to  metallic  copper  witn 
flagration.    In  closed  tube  gives  nitrous  fumes  and  water  wh 
reacts  strongly  acid.     Soluble  in   dilute  acids,   insoluble 
water. 

It  is  somewhat  surprising  that  a  mineral  of  this  compositi 
has  not  been  found  before,  owing  to  the  occurrence  of  nitrates 
natural  waters,  the  stability  and  insolubility  of  the  compou 
and  the  ease  with  which  it  is  made  artificially. 

*  By  difLeTQtiQe. 
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We  propose  for  this  beautifal  and  unique  mineral,  the  only 
soluble  nitrate  yet  found  in  nature,  the  name  Gerhardtite 
>m  the  chemist  who  first  determined  the  true  composition  of 
e  same  compound*  made  artificially. 

CrystMiud  Art\flcial  Basic  Cupric  Nitrate. 

This  is  made  by  heating  a  solution  of  the  normal  nitrate  with 
stallic  copper  in  a  sealed  tube  to  about  150^  for  a  day  or 
3re.  The  crystals  form  just  above  the  surface  of  the  liquid 
.  the  walls  or  the  tube.  When  the  contents  of  the  tube  are 
itated  the  crystals  fall  to  the  bottom  of  the  liquid  where  they 
main  undissolved  while  another  crop  is  being  formed.  Cu- 
ic  nitrite  is  apparently  one  of  the  products  of  the  reaction  : 
oseqaently  the  methoa  is  essentially  a  modification  of  that 
led  by  Yogel  and  Beischauerf  in  making  the  same  compound 
light,  iridescent  8oale& 

The  crystals  are  of  a  beautiful  dark  green  color,  exactly  the 
.me  as  that  of  the  mineral,  with  a  very  brilliant  luster.  Spe- 
fic  gravity  8*878.  The  largest  which  we  succeeded  in  making 
ere  7  or  8"™  in  length.      Their  form  2. 

\  monoclinic   as   is   shown    both   bv  jr-. '- 

leasurement  and  by  their  optical  prop-    y/^-/ZZ'c'''""'^'^^^ 


/y 

/y 


rties.    Their  habit  is  tabular,  length-  a   .  '       d / 

:ned  out  in  the  direction  of  the  h  axis,  ^ 

ig.  2.     The  axial   ratio  was  determined  from  the  following 

measurements : 

c^a  001  >.  100  =  85'  27' 
c^d  001  A  101  =  48*'  251' 
e^t  OUaOII  =  82'  41' 

girmg  d:  6:  c  = -9190:  I:  11402;    /?  =  85' 27' 

The  observed  forms  are 

a,         100,         ir-x  rf,         101,         l-l 

c,  001,  0  ef,  on,  1-t 

III,        ilO,  / 

The  following  are  the  measured  and  calculated  angles. 

Calculated.  Measured. 
m^m,                       110  A 110                     84°  69' 

a  .s  m,  100  A  1 10  42"  29'  42*'  36' 

(001  A  110  86"  39'  86*^30' 

^"'^  JOOKllO  93"  21'  93"  40' 

Ca«,  001  a  Oil  48"  39'  48"  39' 

Two  twin  crystals  were  found.  They  were  not  very  perfect 
but  the  reentrant  angle  a  /s  a  could  be  measured  giving  9°  6\ 
:alcalated  9*^  6'. 

It  may  be  said  of  the  measurements  on  the  prism  m,  that  the 
ace  was  usually  quite  imperfect  and  did  not  admit  of  very  ac- 

*  See  beyond.  \  See  beyond. 
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curate  measurement.  Many  trials  were  made  before  cryst 
suitable  for  measurement  were  obtained  and  a  few  crystals  oi 
were  selected,  which  although  small  were  very  perfect.  Mn 
of  the  crystals  have  a  different  habit  from  that  given  in  fig. 
being  terminated  at  the  extremity  of  the  h  axis  by  the  pi 
matic  faces  only,  but  none  were  found  which  admitted 
measurement 

The  cleavage  is  basal,  perfect,  a  second  cleavage  is  parallel 
a  (100).  The  crystals  are  brittle  but  do  not  bend  like  those 
the  natural  nitrate. 

Under  the  polarizing  microscope  the  crystals  show  an  exti 
tion  parallel  to  the  h  axis.  In  convergent  light  the  axes  i 
seen  to  lie  in  the  plane  of  symmetry.  One  axis  is  visible  in  i 
field  of  the  microscope,  inclined  about 40^  to  a  normal  to  the  ba 
plane,  the  other  axis  is  outside  of  the  field  of  the  instrume 
The  bisectrix  lies  in  the  obtuse  secant;  its  inclination  could  i 
be  determined.  One  of  the  largest  tabular  crystals  showed  c 
axis  in  the  axial  angle  apparatus,  the  other  was  totally  reflect 
In  the  solution  of  Hgl,  m  Kl  (n=l-708  for  yellow,  1*722 
green)  both  axes  could  be  seen  showing  a  marked  inclined  (i 
persion  pKy^  the  axial  angle  being 

2H  =  69°  22'  for  yellow. 
2H  =  63**  60'  tor  green. 

Double-refraction,  negative. 

Pleoohroism  as  in  the  orthorhombic  crystals:  II  b  green. 

JL  h  blue. 

The  crystals  of  the  natural  and  artificial  compound  are  ve 
much  alike,  making  a  very  interesting  case  of  dimorphis 
The  points  of  similarity  are  repeated  below. 

OrtborbombiCy  natural,  d:  J:  c=  0*92176 : 1 :  1*1662 

/?=90 
Cleavage  001  and  100 

MonooliniCy  artificial,  d  :}:c  =:  0*9190  : 1  :  1*1402 

/JzrSe'*  27' 
Cleavage  001  and  100. 

Plane  of  the  optic  axes  in  the  brachypinacoid  in  the  fom 
and  in  the  corresponding  plane  of  symmetry  in  the  latt 
Dispersion  almost  of  the  same  amount  and  p<^  in  both  cas 
Double* refraction  negative,  and  pleochroism  similar  with  alm> 
identical  shades  of  color  in  both. 

Chemical  analysis : 

L  1*2373  grams  yielded  -1388  HO  and  -8202  CuO. 
//.     '6S14  gram  yielded  -0615  H,6,  '^51^  C>\0^«.\id  25*4  cc.  dry 
at  12'9^  and  764  mm.  (correcWd^. 
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I. 

11-28 

Fdond. 

II. 

11-67 
66-22 
22-10 

Calculated  for 
4CaO .  KiOt .  3HiO. 
11-26 

66-29 

66-22 

22'48* 

22-62 

100-00  99-89  100-00 

i/  JSoMc  Oupric  Nitrate  made  by  other  meihode, 

nvestigated  a  compoand  made  by  heating  normal 
le.  His  formula  was  incorrect,  owing  to  the  fact 
(ly  determined  oapric  oxide  and  volatile  matter, 
lently,  had  insuflSeient  data  for  determining  it 
showed  the  true  composition  of  Graham's  oom- 
40uO.N,05.8H,0.  He  made  it  a  nnmber  of 
irarying  conditions  and  always  obtained  analytical 
iponding  to  this  formula.  Ae  also  showed  that  the 
>rmed  by  adding  ammonium  hydroxide  not  in  ex- 
piation of  the  normal  nitrate  has  the  same  composi- 

ring  investigators  have  since  confirmed  Gerhardt's 
lstone§  by  analysis  of  the  compoand  made  by  beat- 
lal  nitrate ;  Kiihnl  by  examination  of  the  precipi- 
by  ammonium  hydroxide;  Yogel  and  Beiscnauer^ 
tion  of  the  light,  iridescent,  blue-green,  crystalline 
by  boiling  mixtures  of  the  solutions  of  cuprio  ni- 
bassium  nitrite  and  also  by  boiling  the  deep  green 
le  by  passing  nitrous  acid  gas  through  water  con- 
ic hydroxide  in  suspension ;  Field,**  and  Beindelff 
)g  the  precipitate  formed  by  the  addition  of  potas- 
:ide,  not  in  excess,  to  solutions  of  normal  cupric 

ler  hand,  Casselmann:^  has  described  a  basic  nitrate 
cipitated  by  boilinc  solutions  of  cupric  nitrate  with 
various  other  soluble  salts  of  organic  acids  and  to 
tribes  a  composition  corresponding  to  the  formula 
0.)7H30.  It  will  be  noticed  that  this  differs 
dt  s  formula  by  only  iH^O ;  hence  we  thought  it 
nvestigate  the  compound. 

3etate  was  added  to  a  hot,  dilute  solution  of  oupric 
a  copious  precipitate  was  formed.  The  liquid  was 
the  precipitate  became  dense  when  the  latter  was 
washed  with  cold  water.  No  discoloration  of  the 
noticed  either  on  boiling  or  washing,  although  Cas- 

mce.  I  JahreHber.,  1,  Engl,  traosl.,  p.  340. 

IS..  1837,  57.  ^  Jahresber.,  1869,  216. 

Chem.,  xxxix.  136.        ♦♦  Idem,  1862,  216. 
r,  184.  ff  Idem,  1867,  304. 

tt  2eii8cbr.  Anal.  Chem.,  \B6b,  a^. 
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selmann  states  that  blackening  took  place  in  both  instai 
when  he  made  the  compound,  so  that  he  was  unable  to  m 
it  pure  and  unaltered.  The  product  was  composed  of  mir 
crystals,  forming  a  powder  of  a  light  green  color.  Spe( 
gravity  8*871.  The  following  chemical  analysis  proves 
identity  with  the  basic  nitrate  made  by  other  methods. 

Of  the  subBtance,  dried  over  sulphuric  acid,  1*0631  gram  yiel 
•1229  H,0,  -7035  CuO,  and  624  cc.  dry  N  at  IS-O"*  and  764  r 
(corrected). 

Calculated  for  Calculated  for 

Found.        4CuO .  NiO* .  3H«0.     CasBelmann^B  forn 

H,0 11-46  11-26  12-89 

CuO 66-17  66-22  64-99 

N,0. 22-42  22-62  22-12 


100-05  10000  100-00 

A  basic  cupric  nitrate  mixed  with  metalic  silver  was  m; 
by  H.  Eose*  by  acting  on  cuprous  oxide  with  silver  niti 
solution.  Hose  not  having  determined  the  composition  of 
salt,  Bammelsbergt  attempted  to  do  so  and  assigned  to  i 
composition  represented  by  the  formula  Cu .  o^a^s  5*  ^^^^ 
fers  so  widely  from  the  basic  salt  made  by  all  other  knc 
methods  that  it  was  deemed  advisable  to  reexamine  it 

Pure  cuprous  oxide  was  made  by  adding  a  dilute  solut 
of  pure  glucose  to  an  excess  of  Fehlinc's  solution  heated  just 
boiling.  The  precipitate  was  thorougnly  washed,  then  trea 
while  still  wet  with  a  large  excess  of  silver  nitrate  solution, 
liquid  was  boiled  and  the  whole  allowed  to  digest  on  a  wa 
bath  for  several  hours.    The  resulting  dark  gray  volumin 

fowder  was  carefully  washed  with  water  and  dried  at  1( 
n  some  preliminary  experiments  it  was  found  difficult  to  a 
pletely  decompose  cuprous  oxide  after  it  had  been  dried,  < 
it  was  also  found  that  the  reaction  took  place  only  very  sloi 
in  the  cold ;  consequently  the  above  mentioned  method 
making  the  mixture  was  adopted. 

Supposing  the  mixture  to  consist  of  a  basic  cupric  nitrate 
Gerhardt's  composition  and  metallic  silver,  the  reaction  wo 
evidently  be  as  follows : 

3Cu,0+6AgNO,+  3H,0  =  4CuO .  N,0,.  3H,0+6Ag+2CuN, 

Analysis  proved  this  to  be  the  case. 
Of  the  substance  dried  at  100°, 

I.  1-4958  grams  yielded  by  ignition  1*2848  Ag  and  CuO, — the  ] 

ter  yielded  1-1459  AgCl. 
II.  1-9329  grams  yielded  1-6592  Ag  and  CuO,  1-4791  AgCl,  -Oi 
^jOj  and  40-55  cc.  dry  N  at  18-2*  and  758  mm.  (cor.) 

*  ^ogg.  ^nn.,  ci,  6 1 3.  \  Bex.  DeM\.1^e\i.  CSti^m,  ^^^^  WW  ^  VV^ 
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Found. 

Calculated  for 

I. 

II. 

6Ag  +  4CuO.N,0..3H,0 

Ag 

57-66 

57-60 

67-46 

CuO 

28-28 

28-24 66-68 

2817. ...66.22 

H.0 

4-62 10-91 

4-79.    ..11-26 

NA 

9-49 22-41 

9-58...*  22-62 

99-95       100-00 

100-00       100-00 

Graham*  states  that  the  basic  capric  nitrate  will  withstand  a 
^mperature  near  that  of  melting  lead  without  decomposition. 
IVe  find,  on  the  other  hand,  that  it  begins  to  decompose  when 
leated  to  180-200^  blackening  and  giving  off  both  water  and 
litric  acid.  The  product  made  in  sealed  tubes  and  that  made 
)j  Gasselmann's  method  were  both  subjected  to  this  experi- 
QCDt  with  like  results. 

The  empirical  formula  for  the  compounds  under  considera- 
ion  is  HjCuJS',0,,  or  HjCu^NO..  Cookef  developes  this 
0^0)5,  (CuOjH).,  CuO„  viii,  N,0.  A  simpler  formula  is 
I(B[OCu),NO^.  The  latter  has  the  argument  in  its  favor 
hat  some  other  basic  nitrates  can  best  be  formulated  as  deriva- 
ives  of  the  hypothetical  acid  H^NO^  (corresponding  to  HjPO^), 
)Qt  the  union  of  hvdroxyl  to  both  acid  and  basic  radicals 
s  possibly  an  objection  to  it  as  well  as  to  Cooke's  symbol. 

It  is  an  interesting  fact  that  the  monoclinic  (?)  mineral  tagilite 
]&8  the  formula  4CuO.P,05.3H,0,  exactly  corresponding  to 
;he  nitrate. 

Method  of  analysis. 

Owing  to  the  small  quantity  (less  than  -8  gram)  of  the  native 
oitrate  at  our  disposal,  it  was  important  to  use  a  method  which 
voald  give  a  complete  analysis  on  a  single  sample.  The 
apparatus  having  been  set  up  and  tested,  it  was  found  to  be  so 
satisfactory  and  convenient  that  it  was  used  for  the  other 
analyses  given  in  this  article. 

The  substance  was  ignited  in  a  boat  in  a  current  of  pure, 
dry  CO,  in  a  combustion-tube.  The  CuO  remaining  in  the 
lx»t  was  weighed.  The  gases  passed  over  a  hot  roll  of 
copper  gauze,  then  through  a  weighed  calcium  chloride  tube, 
which  absorbed  the  water,  into  an  azotometer  containing  a  con- 
ceatrated  solution  of  potassium  hydroxide  where  the  nitrogen 
was  measured. 

The  carbon  dioxide  was  made  from  crystallized  caleiie. 
The  removal  of  the  air  from  the  apparatus  before  the  ignition 
and  the  collection  of  the  nitrogen  afterwards  was  accomplished 
by  passing  the  CO^  only  about  J  hour  in  each  case.  The  COg 
in  the  CaClj  tube  was  replaced  by  dry  air  before  weigiiing. 

Laboratories  of  Chemistry  and  Mineralogy,  ) 
SheffieJd  Scientific  School,  Juno  6,  1885.     j 

♦  Loc,  cit.  f  Chemical  Philosophy.  31^. 
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Art.  IX. — On  the  occurrence  of  Fayalile  in  the  lithophyi 
obsidian  and  rhyolite  in  the  Yellowstone  National  Park 
Joseph  P.  Iddings,  of  the  TJ.  S.  Geological  Survey. 

• 

Thb  obsidian  which  forms  the  columnar  cliff  just  not 
Beaver  Lake,  on  the  road  from  Mammoth  Hot  Springs  k 
Geyser  Basins,  is  especially  rich  in  spherulites  of  various  k 
and  of  the  more  or  less  hollow  forms  called  lithophyses  b^ 
Bichthofen,*  who  first  described  those  found  in  the  rhyolii 
Hungary. 

These  lithopyses,  which  vary  in  size  from  less  than  a  • 
ter  of  an  inch  to  a  foot  in  diameter,  when  broken  open 
appear  like  spherulites  whose  central  mass  has  shrunkei 
cracked  apart  like  the  pithy  center  of  an  over-ripe  watern] 
or  are  composed  of  hollow,. concentric  shells,  eitner  hemis 
ically  arranged  in  rose-like  forms,  or  in  segments  like  the  < 
bers  of  an  ammonite.     The  walls  of  these  cavities  are  us 
coated  with  transparent  crystals  of  prismatic  quartz  and 
lar  tridymite,   both   appearing  to  have  been  deposited  a 
same  time;  scattered  among  these  are  small,  opaque, 
crystals    about  2°^  and  less  in  length.     They  are  tabul 
form,  apparently  with  orthorhombic  symmetry,  and  have 
frequently  a  metallic  luster,  and  sometimes  a  reddish  c 
tney  are  found  upon  examination    to  be  coated  with 
oxide,  the  interior  of  the  crystals  being  transparent  and 
light  yellow  color.     Their  optical  behavior  between  cr 
nicols  is  that  of  an  orthorhombic  mineral  with  high  ind 
refraction,  closely  resembling  olivine. 

A  chemical  analysis  was  made  by  Dr.  F.  A.  Gooch  c 
chemical  laboratory  of  the  U.  S.  Geological  Survey,  on  a 
amount  of  material,  0*24  gram,  all  that  was  at  the 
available.  Under  the  microscope  the  crystals  were  seen  to 
a  small  amount  of  adhering  quartz,  and  to  be  coated  with 
oxide,  they  were  readily  decomposed  in  hot  hydrochlori( 
with  the  separation  of  silica  ana  yielded  the  following  re: 

SiO  25-61 

Al,0, trace 

Fe,0. 14-92 

FeO 61-75 

MgO 1-66 

CaO none 

Ignition none 

Insol.  SiO 7-02 


100-96 


*F.  von  Richthzien,   "Studien  auB  d©ti\mgw\TM^-^^^\>«t^^xss^^Osi^^ 
GebirgetL  "    Jahrb.  k.  k.  geol.  ReichBanftlaW    ^ V^^i,  \^^\,  ^d,  \^^,  ^x.  ^ 
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ConsideriDg  th^  Fe,0,  as  the  opaque  coating  of  alteration, 
id  the  insoluble  SiO,  as  the  adhering  qoartz,  tne  composition 
the  unaltered  mineral  will  be : 

Oufltnimtto. 

8i(\  25-61  82-41  17-275  1-12 

FeO  61-75  65-49  14-589  >  -.^ 

MgO  1-66    •  210  -840  f  ^^ 


79-02 


100*00 


lioh  18  essentially  the  composition  of  tfle  nnisilioate  &iyalite« 
Perfectly  fresh,  unaltered  crystals  about  a  millimeter  long 
ire  subsequently  found  in  small  lithophyses  in  compact  ob- 
iian  finom  naif  a  mile  north  of  Lake  of  the  Woods.  A  very 
"eful  qualitative  test  showed  that  the  crystals  were  an  iron 
cate  oontaining  no  magnesia.  They  are  in  thin,  square  or 
stangular  plates,  of  a  li^ht  honey-yellow  color,  perfectly 
n^MTsnt  and  free  from  inclusions  of  other  minerals,  but 
asioiially  containing  gas  cavities.  They  show  very  slight 
ioehroiam,  pale  ffreenisn  yellow  parallel  to  the  b  axis  and 
Iden  yellow  parallel  to  the  c  axis.  The  cleavage  parallel  to 
I  brachypinacoid  is  good,  but  a  second  at  right  angles  to  the 
it  is  leas  distinct  ana  is  probably  in  the  plane  of  the  macro- 
iscoid  as  in  olivine. 


]. 


8. 


& 


\/ 


Mr.  &  L.  Penfield,  of  the  Sheffield  Scientific  School,  has 
idly  determined  and  figured  the  crystallographic  forms  pre- 
itea  by  the  rectangular,  tabular  crystals  from  the  locality 
rth  of  the  Lake  of  Uie  Woods,  and  the  more  elongated  and 
inted  crystals,  from  Obsidian  Clifil  The  measurements  were 
ide  on  a  thin  tabular  crystal  0-1"™  thick  and  0-8™  broad, 
lich  was  broken  across  the  prismatic  zone.     The  observed 

rma  were  a  (100,  ^-^),  b  (010,  U\  9  (120,  i-2),  e  (111,  1),  d 
01, 1-i),  k  (031,  2-i).     Arrangement  of  planes  quite  constant 
in  figure  1.    For  fundamental  angles  the  two  best  reflections 
ere  chosen. 


a  j^  8,  100   ^  120 
d  ^  d,  101  ^  101 


42*  31' 
103''  17' 


givimg  a:  5:  e  ==  0'4684, :  1  :  0'6t91 
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The  angles  measured  and  calculated  were : 

MeMored.         Calculated. 
a  ^   h        100  ^  010  90*  90" 

8^8  120  >v   120  95*8'  94*68' 

a  ^  d  100  >.  101  38*  20'  38*  22' 

d   ^  e  101  >.  Ill  19*62'  19*46' 

e    ^  e  HI  yv  111  96*6'  95*6' 

a   ^  e  100  ^  111  42*26'  42*27' 

h    ^  k  010  >.  021  40*46'  40*49' 

The  plane  of  the  optical  axes  is  parallel  to  the  base,  one 
the  bisectrices  being  |^ormal  to  the  macropinacoid  as  shown 
a  polarizing  microscope.   Owing  to  the  minuteness  of  the  crys 
examined  the  divergence  of  the  optical  axes  was  not  determm 

The  opaque  crystals  from  Obsidian  Cliff  show  the  same  foi 
with  the  additional  basal  plane,  c,  but  are  mostly  developed 
in  figure  2.      With  the  exception  of  the  macropinacoid 
faces  were  too  dull  to  give  good  reflections,  and  the  forms  w 
identified  by  approximate  measurements  only. 

Similar  crystals  of  fayalite  are  found  in  the  lithophyses 
rhyolite  from  several  localities  within  the  Yellowstone  Natio 
Park,  which  will  be  fully  described  in  the  geological  report 
the  survey  of  that  legion  now  in  progress  under  the  charge 
Mr.  Arnold  Hague. 

These  brief  notes  are  published  at  this  time  for  the  reai 
that  well-developed,  natural  crystals  of  fayalite  have  not  b 
found  before,  so  far  as  we  know,  though  they  frequently  oo 
as  furnace  products  and  in  iron  sla^.  Their  natural  occurrei 
in  this  instance  bears  a  striking  similarity  to  the  artificial, 
obsidian  being  as  perfect  a  sla^as  any  artifically  produced,  f 
the  association  of  tridjmiteana  prismatic  quartz  with  the  faj 
ite  in  the  closed  cavities  of  lithophyses  leaving  little  doubt  af 
their  igneo-aqueous  origin. 


Art.  X. — The  Oenealogy  and  the  Age  of  the  Species  in    i 
Southern  Oid- tertiary ;  by  Otto  Meyer,  Ph.D. 

Part  II.* 

The  Age  of  t/i€  Vtcksburg  and  Jackson  Beds. 

The  table,  given  in  Part  I,  indicates  that  the  Jacksoc 
stands  between  the  Claibornian  and  the  Yicksburgian,  bu 
affords  no  evidence  as  to  which  is  the  most  recent  formati* 
this  requires  a  special  discussion. 

The  history  of  the  age  of  the  Vicksburg  bed  is  closely  c 
nected  with  the  literature  of  the  orbitoidic  limestone  in 
vicinity  of  Claiborne,  as  the  following  review  shows. 

♦Errata  in  table  of  Part.  I. — Nos.  3  and  13.  Transpose  names  under  Claiborne 

JackBon.  No.  1 7.  Substitute  Lea  for  Mr.  after  A8tarte  8ulcata.  No.  80.  For  protr 

read proiraetus.    Add  No.  85  under  JackBon  and  C\a\V>QTiiQ  Ttrthra  costata  Lea 
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{3.  When  Conrad  was  in  Claiborne  he  found  in  a  stratum 
than  the  ^'  Claibornian  "  a  specimen  of  Spondylus  dumosus 
iostoma  dumosum).  See  **  Fossil  shells  of  the  Tertiary 
ition,"  second  edition,  p.  84. 

}4.  '^  Observations  on  tlie  Tertiary  and  more  recent  forma- 
of  a  portion  of  the  Southern  States,"  by  Conrad,  Jour. 
.  Philad.,  vol.  vii,  pp.  116-157,  read  April  16,  1831. 
re  Conrad  mentions  the  limestone  with  Nummulites  Man- 
Uorton  in  the  vicinity  of  Claiborne.  As  this  limestone 
.ins  Plagiostoma  dumosum^  in  abundance,  he  considers  the 
im  at  the  base  of  the  Claiborne  bluff  as  the  upper  part  of 
lammulitic  limestona  Thus,  he  concludes,  that  the  num- 
ic  limestone  underlies  the  Tertiary  formation  of  Claiborne 
s  Cretaceous. 

ircb,  1846.  The  second  number  of  vol.  i,  2d  series  of  this 
aal  (1846),  contains  the  following  two  essays : 
Conrad,  ''Observations  on  the  Eocene  formation  of  the 
3d  States,  etc.,"  pp.  209-221.  Here  Conrad  says  that  he 
>nger  considered  the  numroulitic  limestone  of  Alabama 
Mississippi  as  a  connecting  link  between  the  Secondary 
Tertiary  strata,  but  as  Eocene.  ^^  Between  Claiborne  and 
tephens  it  forms  hills  of  considerable  elevation  and  abounds 
at  fine  fossil,  Plagiostoma  dumosum.  At  St  Stephens  this 
(tone  constitutes  an  elevated  bluff  and  abounds  in  Num- 
tea  ilanleUi,  Plagiostoma  dumosum^  Ostrea  cretacea,  eta  At 
sbui^  the  Pecten  Poulsoni  is  common  to  this  rock  and  to 
Eocene  sand."  These  words  are  important  Here  the 
sburg  is  mentioned  the  first  time,  and  at  the  same  time 
[lelized  with  the  nummulitic  limestone  of  Alabama. 
As  postscript  to  this  number  of  the  Journal,  pp.  313-315, 
J  is  a  letter  from  Charles  Lyell,  dated  Claiborne,  Ala.,  Feb. 
In  this  letter  Lyell  speaks  on  several  subjects  and  says, 
e  nummulitic  limestone,  that  it  had  been  referred  to  a  pre- 
ary  age,  but  he  considered  it  even  younger  than  the  Clai- 
ian,  for  it  occurs  on  higher  places  than  the  Claiborne  bluff, 
ircumstance  which,  in  a  region  where  the  stratification  is 
x^ntal,  would  imply  a  newer  deposit.  ...  I  did  not  meet 
the  limestone  in  question  in  the  bluff  at  Claiborne,  which, 
re  no  doubt,  is  owing  to  the  fact  that  the  calcareous  strata 
ut  off  at  the  top  before  they  extend  upward  into  the  num- 
tic  beds." 

e  see,  that  Lyell  does  not  show,  why  Conrad's  opinion, 
i  upon  Spondylus  dumosus,  is  wrong,  but  he  states,  in  a 
jvords,  that  the  nummulitic  limestone  overlies  the  Claiborne 
a.  His  reasons  are:  that  the  stratification  is  horizoulal^ 
the  namm  all  tic  limestone  occurs  higher  than  tbe  C\a\boT\iei 
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bluff.  If  one  of  these  two  sappositions  bad  been  proved  and 
the  other  was  doubtful,  there  would  be  no  right  to  draw  the 
conclusion  of  Lyell,  even  if  it  had  been  proved  besides  that 
there  are  no  faults.  But  Lyell  proves  none  of  them.  As  for 
the  stratification,  he  was  unable  to  bring  forward  any  other 
fact,  than  that  he  did  not  notice  any  dip  at  the  points  where  be 
made  his  observations.  In  a  diagram,  in  his  essay  of  the  next 
year,  he  represents  a  dip,  not  as  he  observed  it,  but  as  he  needs 
It  for  his  hypothesis.  As  to  the  relative  height,  he  also  does 
not  bring  forward  any  proof;  and  I  cannot  imagine  how  he 
could  possibly  have  obtained  in  Claiborne  at  that  time  any 
reliable  data  about  it.  In  short,  Lyell's  new  hypothesis  was 
without  any  proof  at  all,  and  was  in  contradiction  to  an 
observed  fact  Moreover,  to  sustain  it,  be  had  to  make  another 
hypothesis,  also  entirely  without  proof:  that  this  limestone  was 
totally  eroded  in  Claiborne,  but  preserved  in  the  vicinity. 

May,  1846.  Charles  Lyell.  "On  the  newer  deposits  of  the 
Southern  States  of  North  America "  (Quart.  Jour.  Geol.  Boa 
London,  ii,  pp.  405-410,  read  May  6,  1846).  On  this  questioQ 
Lyell  writes,  p.  408 :  "After  visiting  Claiborne  and  the  country 
on  the  other  side  of  the  Alabama  Biver  in  the  fork  of  that 
river  and  the  Tombecbee,  I  am  persuaded  that  the  nummulite 
limestone  is  Eocene,  newer  than  all  the  beds  of  the  well  known 
Claiborne  bluff.  It  is  in  fact  more  modern  than  the  sandy 
deposit,  from  which  the  Eocene  shells  described  in  the  publics-  ^ 
tions  of  Messrs.  Conrad  and  Lea  were  derived.''  We  have 
here  a  more  decidedly  pronounced  expression  of  his  hypothesis 
without  any  proof. 

July,  1846.  Conrad,  "Tertiary  of  Warren  County,  Miss."* 
(this  Journal,  ii,  2d  series,  pp.  124,  125).  Here  Conrad  briefly 
announces  that  he  collected  103  species  of  fossils  at  Vicksburg; 
he  enumerates  the  genera,  but  had  not  yet  made  descriptions 
of  the  species.  To  what  age  are  these  fossils  attributed  r  He 
himself  had  parallelized  this  Vicksburg  bed  with  the  nummulite 
limestone  of  Alabama.  Sir  Charles  Lyell  claimed  this  limestone 
to  be  more  recent  than  the  Eocene  of  Claiborna  So,  if  Conrad 
did  not  wish  to  oppose  this  opinion  of  Lyell,  he  had  only  the 
choice  of  considering  these  vicksburg  fossils  more  recent  than 
those  from  Claiborne.  The  fossils,  considered  alone,  did  not 
show  their  age,  and  Conrad  seems  not  to  have  made  even  an 
attempt  to  question  the  decidedly  pronounced  opinion  of  the 
celebrated  English  geologist;  for  in  this  first  announcement  of 
the  Vicksburg  fossils  we  see  distinctly  the  presupposition  of 
their  newer  age,  and  he  considers  only  whether  they  are  more 
nearly  relatea  to  the  Miocene  or  to  the  Eocene.  He  says: 
**The  Vicksburg  group  has  decidedly  more  affinity  with  the 
Eocene  groap  than  witn  that  ot  l\i^ 'NLvoG^xi^,  fex  xJci^-t^X^  o^^* 
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pecies  that  closely  resembles  a  Miocene  fossil.  The  lime- 
t  of  Clark  Coantji  Ala.,  and  of  St  Stephens  contains 
muliie$  crustaloidea  and  Pei^en  Pauhoni  Morton,  two 
s  which  abound*  in  the  Yicksburg  deposits,  and  this  lime* 
I  isy  therefore,  probably  of  the  same  age  as  the  Tertiary  beds 
Icksbarig^  This  formation  marks  a  distinct  era  in  the 
irican  Tertiary  system,  intermediate  between  the  Eocene 
Miocene  formations,  but  more  nearly  allied  to  the  former, 

this  way  the  age  of  the  Yicksbarg  fossils  was  determined, 
vhat  Conrad  says  afterward  about  it  is  only  the  following 
n  detail  of  this  once  accepted  supposition. 

pt,  1846.  Conrad,  "Eocene  formation  of  the  Walnot  Hills, 
.  (this  Journal,  ii,  2d  series,  pp.  210-215).  Conrad^ 
dng  of  the  Yicksburg  locality,  says,  p.  210:  *'One  of  the 
.  abundant  bivalves  is  Peden  Ptmfaoni  Morton,  a  species 
rrinff  in  the  white  limestone  near  Claiborne,  Ala.  A  ver^ 
wiSor-shaped  nummulite,  described  by  Dr.  Morton,  is 
non  in  the  limestone  as  well  as  in  the  strata  above,  and 
ects  the  formation  of  Yicksburg  with  the  Eocene  white 
Btone  of  St.  Stephens."  Here  Conrad  omits  the  word 
)bably,"  which  he  used  in  the  preceding  essay,  and  from 
time  the  identitv  of  the  Yicksbarg  beds  and  the  nummu- 
limestone  in  Alabama  is  an  accepted  &ct  in  American 
iture.  Though  I  consider  this  identity  probable,  it  cannot 
aid  to  be  proved. 

one.  1847.  Lyell,  *'0n  the  relative  age  and  position  of 
so-called  limestone  of  Alabama"  (Quart  Jour.  Oeol.  Soa 
don,  iv,  pp.  10-16,  read  June  9,  1847.  Published  also 
I  a  few  alterations  in  this  Journal,  iv,  2d  series,  pp.  186-191, 
L,  1847. 

yell  says  about  this  limestone,  referring  to  his  letter  of  the 
leding  vear:  "It  was  stated  to  be  newer  than  all  the  beds 
he  well  known  Claiborne  Bluff."  Then  he  tries  to  prove 
Slated  opinion  by  claiming  that  the  Claibornian  bed  occurs 
at  the  base  of  the  St.  Stephens  bluff  below  the  nummulitic 
stone.  The  fossils  which  he  cites  from  this  bed,  p.  15,  are: 
^ra  coatata  Con.,  Cardita  parva,  Dentalium  thalloidesy  Fla- 
\mcunetforme\jox\sA.y  Scutella LyelliGour.^  and  several  more.*' 
m  the  few  species  which  Lyell  selects  to  prove  the  Clai- 
aian  character  of  the  beds,  he  cites,  on  the  same  page,  Den- 
im thaiioi'des  and  Terrbra  costata  as  occurring  in  the  Vicks- 
g  bed,  and  Flabellum  cuneiforme  in  the  Jackson.     So  he 

As  this  is  of  some  importance,  and  as  il  is  repeated  afterward,  I  have  to  object 
to  the  word  *•  abound  "  in  relation  to  Orhitoides  MantelU  in  the  sand  of  Vicks- 
;.   It  may  be  said  to  be  *' common,"  but  is  not  at  all  " abundant "  and  \a  tai^T 
'  sfrenU  other  species. 
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might  jast  as  well  have  deduced  a  Yicksburgian  or  Jacksonian 
age,  but  be  had  to  corroborate  his  stated  opinion. 

1850.  M.  Tuomey,  "First  biennial  report  of  the  geology  of 
Alabama,"  Tuscaloosa,  1850.  This  report  contains  some  inter- 
esting sentences,  which  show  that  the  authority  of  Lyell  must 
have  been  very  great  Tuomey  says,  p.  149:  "Sir  Charlei 
Lyell  has  proved  that  the  white  limestone  is  newer  than  the 
fossiliferous  bed  at  Claiborne  by  showing  that  this  bed,  which 
contains  identical  fossils,  underlies  the  blufi  at  St.  Stephens. 
This  is  certainly  the  case,  for  although  this  bed  is  not  seen  at 
the  base  of  the  bluff,  it  is  overlaid,  as  I  have  just  stat-ed,  by 
a  yellow  limestone,  which  is  a  prolongation  of  that  at  St 
Stephens." 

The  following  is  of  special  interest,  pp.  156,  167:  "... 
Mr.  Conrad  .  .  .  referred  the  whole  to  the  upper  part  of  the 
Cretaceous  system,  supposing,  as  I  have  said  in  another  plaoe^ 
that  the  Claiborne  bea  was  newer,  instead  of  being,  as  we  now 
know  it,  6lder  than  the  white  limestone. 

"  It  is  curious  to  observe,  after  the  difficulties  have  been 
cleared  away  that  surround  pioneer  explorations  of  ever? 
description,  how  obvious  everything  appears  and  how  difficaU 
it  is  to  account  for  the  mistakes  of  our  predecessors.  But  in 
the  present  instance  it  must  be  recollected  that  the  Claiborne 
fossiliferous  bed  is  nowhere  in  absolute  juxtaposition  with  the 
overlying  Orbitoides  limestone,  and  even  at  St.  Stephens  I  wai 
unable  to  detect  it  at  the  base  of  the  bluff,  although  I  examined 
it  at  an  unusually  low  state  of  the  water.  Nevertheless,  the  pori* 
tion  of  the  bed  above  the  bluff,  together  with  its  dip,  leaves  no 
doubt  of  its  sinking  below  the  white  limestone." 

The  reason  why  Tuomey  could  not  detect  this  bed  at  the 
base  of  St.  Stephens  bluff  is  very  simple  and  was  even  known 
to  himself,  as  will  be  seen  by  the  juxtaposition  of  the  fol* 
lowing  two  sentences.  Lyell  says  in  his  essay,  p.  15:  "The 
water  of  the  river  at  the  time  of  my  visit  was  too  high  to 
enable  me  to  collect  fossils  from  the  beds  at  Ihe  base  of  the 
cliff,  but  I  was  afterward  furnished  with  them  through  the 
kindness  of  Professor  Brumby  of  Tuscaloosa."  Tuomey  says, 
p.  158 :  "  This  is  the  bed  described  in  the  preceding  pages  as 
extending  from  Baker's  Bluff  to  a  point  about  hali  a  mile 
above  St.  Stephens ;  and  it  was  from  this  bed  the  fossils  weie 
taken  which  were  sent  by  Professor  Brumby  to  Sir  Charles 
Lyell." 

So  we  see  that  L veil's  ClaibOrnian  bed  at  the  base  of  Sl 

Stephens  Bluff  not  only  according  to  his  own  determinations 

need  not  be  Claibornian,  but  that  it  is  also  not  at  the  base  of 

St  Stephens  Bluff. 

From  tbia  time,  however,  iTae  Yi\g\i^T  ^oawXoti  ^1  >Sii^Qrt\sv\fir 
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die  limestone  and  the  newer  age  of  the  Vicksburg  fossils  was 
jonsidered  a  proved  fact  in  the  literature.  As  the  Claibornian 
Kna  considered  Middle  Eocene,  Conrad  called  the  Vicksburg 
Ded  "Newer  Eocene."  Afterward  it  appeared  to  him  more 
proper  to  use  the  name  of  "  Upper  Eocene  "  for  the  intervening 
Jackson  b^,  and  thus  finally  the  Vicksburg  fauna  received 
the  name  of  Oligocene. 

1860.  Interesting  as  it  would  be,  I  cannot  review  here  the 
whole  literature  regarding  this  subject,*  but  it  is  necessary  to 
criticize  this  point  at  least  briefly,  as  it  is  presented  in  Hilgard*s 
Geology  of  Mississippi  (Jackson,  1860).      Only  a  competent 
and  careful  examination  of  the  fossils  could  indicate  the  rela* 
tion   of   the  Old-tertiary    strata   in   Mississippi;   but   Hilgard 
seems  to  have  studied  this  Tertiary  paleontology  very  little, 
and  when  it  was  necessary  to  prepare  a  list  of  fossils  he  trans- 
ferred the  work  to  Professor  W.  D.   Moore.     The  division  : 
Claiborne,  Jackson  and,  at  the  top,  Vicksburg  was  accepted 
as  a  proved  fact,  as  well  as  the  identity  in  age  of  the  Vicks- 
burg and  St  Stephens  beds.     On  this  basis  he  undertook  to 
map  the  marine  Old-tertiary.     He  found  Orbitoides  and  Pecten 
Poulsoni  in  the  east  (Wayne  County),  in  the  west  (Vicksburg), 
and  besides  in  Rankin  County.     So  he  connected  these  local- 
ities, thus  forming  a  "belt,"  which  pointed  admirably  toward 
Sl  Stephens.     But  unfortunately  this  belt  would  pass  right 
through  Jackson,  an  older  formation.    Therefore  Hilgard  made 
this  belt  make  a  sharp  curve  to  the  south  around  Jackson. 
Then  he  drew  a  parallel  Jacksonian  belt ;  and  farther  north  he 
found  the  Claibornian.     All  this  would  admirably  agree  with 
the  general  dip  southward.      An    *' irregularity '—the  strata 
from  Jackson   to   Canton   indicating  a  northern  dipf — seems 
not  to  have  troubled  him  very  much.     I  could  not  find  aplace 
in  his  work  where  an  overlying  of  the  Jacksonian  by  the  Vicks- 
burgian  was  shown.     It  is  no  wonder  that  Hilgard  worked  in 
this  way,  if  we  consider  that  he  had  to  map  an  enormous  terri- 
tory without  reliable  preparatory  work,  almost  without  assist- 
ance and  in  so  short  a  time,  that  he  could  not  even  by  a  glance 
examine  large  areas.     The  only  criticism  that  can  be  made 

*  Attentioo  might  be  called  at  least  to  the  following  sentence  of  WinchelPs, 
(Proc.  Am.  Assoc  Adv.  Sci.,  1866,  part  II,  p.  86:  "The  thick  bed  of  Umestone 
vhidi  underlies  the  sandy  belt  at  Claiborne  [the  Clai])ornian]  has  not  been  recog- 
nized elsewhere.  Perhaps  its  occurrence  here  is  accidental."  We  see  that  Win- 
diell  working  on  the  accepted  theory,  comes  to  the  conclusion  that  the  stratum 
of  more  than  fifty  feet  below  the  CLaibomian  may  be  accidental,  as  it  cannot  be 
foand  elsewhere. 

Winchell  determines,  p.  85,  a  bed  as  Claibornian  without  citing  any  fossil  to 
proTe  this  character. 

k  Lyell  represents  in  a  diagram  (1847)  the  dip  from  Jackson  westward. 

Jjf.  Jour.  Scl—Tejrd  Sesies,  Vol,  XXX.  No.  175. — July,  \8a^. 
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against  bim  under  these  circumstanoes  is  that  he  represented 
suppositions  too  much  like  facts. 

We  find  more  reason  to  complain  of  the  work  which  Professor 
Angelo  Heilprin  has  published  on  the  Old-tertiary.  His  first 
essay  is: 

1.  "  On  some  new  Eocene  fossils  from  the  Claiborne 
Marine  formation  of  Alabama.***  I  leave  a  determination  of 
most  of  these  **  new  "  species  till  I  have  had  an  opportunity  of 
examining  at  leisure  the  type  specimena  Some  of  them,  how- 
ever, can  be  recognized  very  easily  from  the  descriptions  and 
figures.  Solarium  striaio-granulatum  Heilpr.  is  a  specimen  of 
Solarium  omatum  Lea;  Natica  bisulcata  Heilpr.,  a  specimen  of 
Natica  magnO'Umbilicata  Lea;  Tomatella  oicincta  Heilpr.  is 
Actaeon  lineatus  Lea ;  Odostomia  laevigata  Heilpr.  is  a  fragment 
of  AcUxon  melanellus  Lea ;  Delphinula  solaroides  Heilpr.  is  either 
a  young  specimen  of  Solarium,  elegans  Lea,  or  an  old  one  in 
which  the  larger  whorls  are  broken  oflF. 

2.  "A  comparison  of  the  Eocene  Mollusca  of  the  United 
States  and  Western  Europe,  etc."t  I  have  already  in  a  former 
paper:^  excluded  all  identifications  of  Professor  Heilprin  which 
were  made  from  figures.  A  collection  of  sevei^  hundred 
species  of  the  French  Old-tertiary,  which  I  received  fh)m  Mr. 
Cossmann  in  Paris,  convinced  me  that  the  rest  of  his  compari- 
sons have  also  little  value.  In  the  French  Old-tertiary  as  well 
as  in  the  American  there  are  quite  a  number  of  similar  forms 
(connected  by  descent?),  and  only  a  large  amount  of  materiil 
compared  by  an  experienced  observer  can  furnish  reliable 
identifications  or  other  results  of  comparison.  I 

3.  **  On  some  new  Lower  Eocene  Mollusca  from  Clarke  S 
County,  Ala.,  etc."§  Specimens  from  Wood*s  BluflF,  which  I  2 
received  from  Professor  E.  A.  Smith  and  Mr.  Aldrich  in  Tna*  ^ 
caloosa,  convinced  me*  that  no  reliance  can  be  placed  upon  / 
these  determinations  and  descriptions.  I  mentioned  in  part  I  ^ 
of  this  essay  that  Dentalium  micro-striaium  Heilpr.  has  moet^E 
probably  a  fissure,  although  Professor  Heilprin  says  "there  1 
oeing  no  fissure.*'  Where  I  have  received  tne  corresponding  ^ 
material  I  have  found  none  of  the  Claibornian  determinations  - 
correct  A  striking  example  is  the  determination  '^Oorbula  \ 
rugosa  Lam.  (C  antscus  Conr.  var.  C.  gibbosa  Lea)." 

The  two  species  in  Claiborne,  C.  gMasa  Lea  and  C.  JIurdii* 
soni  Lea  (C  oniscus  Conr.),  are  two  entirely  different  species; 
neither  of  them  is  identical  with  the  French  C.  rugosa  Lam«, 
and  neither  of  the  three  is  identical  with  the  species  in  Wood's 
Bluff*,  which  I  have  had  in  my  collection  for  some  time  under 

♦  Proc.  Acad.  Nat  ScL  PhUacL,  lS'i9,  pp.  211-216. 
t  Proc  Acad.  Nat  ScL  Philad..  1819.  pp.  217-226. 
1  Proc.  Acad.  Nat.  ScL  PYuia^  \^%4,  V.  \^A. 
§  Ptoc.  Acmd-  Xat.  Sd.  PbiAaA.,  \%^,  VV-  ^^*^^V 
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the  name  of  Corhula  Aldrichi,  n.  sp.  It  has  radiating  strise  on 
the  umbonial  part  of  the  surface,  a  characteristic  which  I  had 
not  seen  before  in  a  Oorbula. 

4.  "  Contributions  to  the  Tertiary  Geology  and  Paleontology 
of  the  United  States."*  As  the  author  is  curator  of  the  collec- 
tion of  the  Philadelphia  Academy,  where  so  many  type  speci- 
mens of  Tertiary  invertebrates  are  said  to  be,  I  haa  looked 
with  eagerness  for  this  work,  announced  a  long  time  si  nee, f 
hoping  to  receive  much  information  concerning  many  doubtful 

g)ints,   especially  in   connection   with   Conrad's  descriptions. 
at  I  found  that  a  study  of  the  paleontology  of  the  Southern 
States  bad  not   been   attempted   in   it.     The  book  contains 
nothing  but  reprints  of  previous  essays  of  the  author,  increased 
by  a  "succinct  statement  of  the  Tertiary  geology  of  each  of 
the  several  States,"  and  a  map.     How  did  Professor  Heilprin 
map  the  Southern  Old-tertiary  ?    E.  A  Smith  has  given  a  map 
of  Florida,J  where  he  carefully  makes  a  distinction   between 
the  few  localities  where  limestone  with  Orbitoides  has  been  ob- 
served and  the  large  area  where  this  limestone  is  supposed  to 
exist;  all  this  is  colored  Oligocene  by  Professor  Heilprin.    The 
risk  of  mapping  in  this  way  can  perhaps  be  fully  appreciated 
only  by  one  who  has,  like  myself,  tried  to  get  a  clear  opinion 
of  the  Oligocene  formation  by  studying  for  years  its  typical 
localities  in  Europe.     Further,  Professor  Heilprin  traces  the 
Oligocene  (p.  3  and  p.  4:\  connecting  link  after  link,  from  the 
Mississippi  River  througn  Florida,  Jamaica,  Antigua,  Trinidad 
and  St.  Bartholomew,  to  the  Vicenza  deposits  in  Italy  and  the 
Majence  Basin  in  Germany,  and  ends  this  speculation  by  the 
words  (p.  4) :    '*  we   thus   have   the    parallelism    established 
between  our  Vicksburg  or  Orbitoidic   bed  and  those  of  the 
typical  Oligocene  of  Southern  Europe."     Having  in  my  pos- 
session more  than  four  hundred  species,  which  I  collected  my- 
self at  both  ends  of  Professor  Heilprin's  long  chain,  in  the 
Mayence  Basin  and  at  Vicksburg,  I  ought  to  have  found  at 
least  some  identical  forms,  but  as  yet  I  have  not  noticed  a  sin- 
gle one.     Considering  the  difficulty  of  determining  the  relative 
age  of  two  localities  only,  such  as  Vicksburg  and  Jackson, 
which  are  situated  near  each  other  and  contain  hundreds  of 
well  preserved  fossils,§  we  may  ask,   what  guided   Professor 
Heilprin  through  thousands  of  miles?    The  answer  is,  the  Fora- 
minifera  Orbitoidea      It  is  scarcely  necessary  to  repeat,  what 

*  By  A.  Heilprin,  Philadelphia,  1884,  published  by  the  author. 

f  C.  A.  White  wrote  1880  (Am.  Naturalist,  p.  255) :  "  Mr.  Heilprin  has  begun 
the  preparation  of  a  monograph  of  the  Tertiary  fossils  of  Eastern  North  America." 

t  This  Journal,  III,  vol.  xxi,  1881,  p  305. 

§  Conrad  described  34  species  from  Jackson;  I  ooUected  there  about  160. 
HaTmg  received  during  the  printing  of  this  article  additional  material  frora  X\^ 
^<^cality,  I  think  that  this  number  must  be  increaaedj  perhaps  con^deraVAy. 
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is  generally  known,  that  Foraminifera  of  the  most  different 
formations  often  look  extremely  similar,  and  that  the  genus 
Orbitoides  cannot  be  considered  at  all  a  "  Leitfossil "  for  any 
certain  Tertiary  formation.  But  it  may  be  of  interest  to  quote 
what  has  been  published  about  this  same  American  Orbitoides. 
Lyell  sent  it  to  E.  Forbes  and  A.  d*Orbigny.  Forbes  writes 
to  him,*  June  14,  1847 :  "  As  the  subject  stands  at  present, 
then,  we  have  no  right  to  infer  from  the  presence  of  an  Orbi- 
tolite,  however  abundant,  that  the  stratum  in  which  it  occurs 
belongs  to  one  period  more  than  another  between  the  com- 
mencement of  the  Cretaceous  epoch  and  our  times."  D'Orbigny 
writes,  ibid.,  June  18,  1847:  "...  It  is,  in  fact,  of  all  genera, 
that  perhaps  which  has  been  most  often  misunderstood,  and  I 
should  call  it  the  greatest  culprit  in  geology, .  .  .  the  Orbitoides 
are  found  in  the  Cretaceous  and  Tertiary  formations." 

The  gap  between  Mississippi  and  Florida,  without  the  neces- 
sary data  for  a  mapping,  is  filled  by  Professor  Heilprin  by  pro- 
longing the  hypothetical  belts  of  Hilgard  through  the  States  of 
Alabama  and  Georgia,  till  they  meet  the  bulk  of  the  Oligocene 
of  Florida.  My  studies  lead  me  to  saving,  that  I  consider 
Professor  Heilprin's  map,  as  far  as  the  divisions  of  the  Southern 
Old-tertiary  is  concerned,  entirely  imaginary. 

Mr.  Heilprin  has  not  made  himself  a  single  observation 
in  the  Southern  Old-tertiary  formation,  but  is  acauainted  witbi 
its  geology  only  by  a  somewhat  superficial  knowledge  of  a  lit- 
erature which  needs  much  criticism.  For  this  reason  I  do  not 
wish  to  give  any  further  criticism  of  the  text,  but  we  may  see 
at  least  bis  views  about  that  limestone,  which  interested  us  in 
the  preceding  pages.     We  find,  p.  29 : 

"4.  *  White  limestone '  (Jacksonian),  best  exhibited  at  Clai- 
borne (upper  portion  of  bluflf)  and  St.  Stephens  (lower  moiety 
of  bluflP),  not  very  abundant  in  fossils — Pecien  inerribranosus^  P. 
Poulsontj  Osirea  panda^  Spondylus  dumostis,  ^Scutella!  Lyelli^  etc 
_50— ?  feet.'* 

While  Lyell  in  the  year  1846  had  to  confess  that  he  could 
not  find  this  white  limestone  in  the  upper  portion  of  the  bluff, 
and  concluded  that  it  must  hisive  been  eroded,  this  upper  portiou 
of  the  bluff,  according  to  Professor  Heilprin,  has  become  in 
1884  typical  for  this  limestone  and  best  exhibits  its  character- 
istic features.  The  specimen  of  Spondylus  dumosus^  which 
Conrad  found  in  1833  in  the  lowest  strata,  must  have  migrated 
upward  since  that  time,  and  the  other  species  must  have  come 
from  other  places.  They  are  indeed  "  not  very  abundant,"  for 
I  could  not  find  a  single  specimen. 

Having  now  shown  how  the  age  of  the  Vicksburg  and  the 
Jackson  beds  was  determined,  I  give  in  the  following  pages 

*  Quart  Jouin.  Qeol.  Soc  Londoii,  iv,  p.  13. 
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observations  of  my  own,  which  make  it  very  probable  to  me 
that  Vicksburg  is  the  most  recent  bed. 

1.   Profile  of  the  bluff  at  Clatbome^  Ala. — This  famous  bluflf 

has  been  described  by  Lea,  Conrad,  Lyell,  Hale,  Tuomey  and 

Mell,*  and  yet  none  of  the  given  profiles  represents  the  facts 

correctly,  at  least  at  that  point,  where  I  observed.     At  a  little 

distance  above  the  "  upper  landing"  there  is  a  vertical  exposure 

of  the  bluflfof  more  than  a  hundred  feet,  showing  the  diflFerent 

strata  so  distinctly  that  the  whole  profile  might  be  photographed. 

I  was  told  by  inhabitants  of  Claiborne  that  this  exposure  was 

caused  by  a  landslide  some  years  ago.f     By  a  simple  and  yet 

reliable  method  (a  string  with  a  weight  attached)  I  measured 

the  thickness  of   the  strata  on   one  vertical   line   and   then 

examined  their  characters,  wherever  they  could  be  reached. 

The  water  at  the  time  of  my  visit  was  so  high  that  I  could  not 

determine  the  thickness  of  the  stratum  b,  and  moreover  could 

not  examine  the  stratum  below  it,  which  according  to  Conrad 

and  Tuomey  is  only  visible  at  very  low  water  and  contains 

loasils,  the  careful  examination  of  which  must  be  of  importance. 

The  profile  at  the  mentioned  point  is  the  following : 

i.  Diluyium  ?  red  loam  and  pebbles.  

C  MosUj  limestone.  33  feet, 

i  Glauoonitic  snnds  and  clays.  11  feet. 

9'  Gray  sandj  stratum  with  fossils.  6^  feet. 
/  Bed  sand,  fossils  badly  preserved,  similar  to  e,  but  Scuidla  very 

common.  3    feet. 

i  Highest  Claibomian.  ) 

Ferragpnous  sand  with  the  Claibornian  fossils.  >-  17  feet. 
Low66t                                 Claibomian.             ) 

i  Color  a  bluish  gray.  26  feet. 

t.  Kostly  limestone  with  large  ferruginous  concretions.  8    feet 
^  Calcareous  limestone  with  green  sand,  Osirea,  Pecten,  ScalpeUum^ 

ScuteOa.  30?  feet 

In  the  lower  limestone  b  I  collected  the  following  fossils: 
Oasts  of  shells;  teeth  of  sharks  and  rays ;  an  otolite  of  a  fish : 
Endopachys  Macluri  Lea  sp.,  in  bad  condition ;  a  fragment  of 
9iScalaria;  a  specimen  of  an  Orbitoid;  a  specimen  of  Veneri- 
€ardia  parva  Lea,  showing  more  the  typical  form  of  the  Cla- 
boroian  specimens  than  that  of  the  var.  Jacksonensis,  More  fre- 
quent and  in  better  condition  are  the  following  species : 

Ostrta  seUoBformia  Conr.,  0,  Aluhamiensis  Lea,  Pecten  Deshaysi 
Lea  (includ.  P,  Lyelli  Lea),  P.  scintillatus  Conr.,  ^^Scutella'^  Lyelli 
Conr.,  ScalpeUum  Eocenense,  n.  sp. 

*  "The  Claibome  group  and  its  remarkable  fossils,"  by  T.  H.  Mell,  Jr. — Trans. 
Am.  Instit  of  Min.  Rngin.,  1880. 

f  Thus  the  Alabama  River  seems  to  be  cutting  its  bed  deeper.  I  observed  a 
Bimilar  undermining  of  its  banks  in  Moody's  Branch  near  Jackson,  Miss.,  and 
e&er  creeks  seem  to  do  the  same.  This  part  of  the  American  coast  has  risen 
more  or  less  gradually  during  all  the  later  formations,  and  the  mentioned  phe- 
QomeDon  may,  perhaps,  indicate  that  it  is  rising  still  at  the  present  tVme. 
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Besides  the  figured  piece  &,  I  foand  valves  of  the  same  form 
but  larger.  The  umoo  of  the  cariDa  is  placed  at  the  apex.  As 
far  as  1  know  the  literature,  this  is  the  first  Lepadite  from  the 
American  Tertiary. 

The  top  of  stratum  b  is  formed  by  an  oyster  bank.  In 
stratum  c  I  did  not  find  a  trace  of  a  fossil,  and  in  c^  A  and  i  no 
determinable  fossil  In  e  there  must  be  made  a  distinction 
between  the  highest  pyart  and  the  lowest  part  of  it,  ^^Highest 
Claibomian^^  and  ^* Lowest  Claihomian^^^  as  there  is  a  paleonto- 
logical  difference  which,  though  not  striking,  cannot  be  neg- 
lected. I  found  in  the  stratum  e  also  a  specimen  of  an 
Orbitoid.  The  fossils  in  stratum  g  are  very  fragile.  Larger 
specimens  could  be  obtained  only  in  poor  fragments,  and  even 
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a.  Carina  of  Scalpelhtm  Eocenenae,  n.  sp. 

a',  a'',  a"',  vertical  sections  of  this  carina. 

b  and  f,  lateraiia  of  the  same  species  ?,  different  views. 

the  smallest  could  be  obtained  only  with  diflBculty.  The  most 
common  of  them  seems  to  be  Alveintcs  minutus  Conr.,  which  is 
apparently  one  of  the  most  characteristic  fossils  of  the  Southern 
Old- tertiary.  A  specimen  of  Venertcardia  parva  Lea  shows  no 
approach  to  the  Jackson  angular  form,  and  is  as  rounded  as 
the  most  rounded  Claibornian  specimens.  A  young  specimen 
of  Corbula  Murchisoni  Lea  shows  the  sharp  carina  of  the  CU- 
bornian  form. 

2.  Profile  at  Enterprise^  Miss, — The  profile  given  by  Hilgard* 
is  not  correct.  The  Chickasawhay  River  near  Enterprise  seems 
to  be  little  fitted  to  furnish  a  reliable  profile.  Each  of  the 
creeks  on  the  west  side,  however,  shows  distinctly  two  fossil- 
bearing  strata.  The  upper  one  contains  quite  a  number  of 
species,  but  they  are  badly  preserved.  They  have  a  Claibor- 
nian character  (for  instance,  Venericardia  rotunda  Lea)  and  are 
apparently  not  the  species  which  Conrad  received  from  Enter- 
prise,! which  I  could  not  find.  The  lower  stratum  is  an  indu- 
rated sand  with  glauconite ;  and,  besides  shark  teeth,  I  found 
nothing  else  in  it  except 

*  Geol.  of  Miss.,  p.  125.  f  Am.  Jour.  Ck)nch.,  1865,  p.  137. 
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(ktrta  selkrformis  Conr.,  0.  Alabamiensia  Tm^  Pecien  DeAaysi 
El  (incl.  P.  Lj/eOi  Lea),  R  scvntiOatm  Oonr.,  ''ScuUlla  "  LyelU 
or^  Soalpellum  Eooenense  Meyer. 

These  are  exactly  the  same  speoies  as  in  the  stratam  b  of 
libome,  and  the  bed  in  Enterprise  is  therefore  evidently  a 
MS  of  this  stratam. 

B.  I^file  at  Vichburgj  Miae. — Directly  in  front  of  the  national 
inetery  near  Yicksburg  there  is  a  creek  (bayou)  forming  a 
klcoiafl,  at  which  the  following  facts  can  be  observed :  At 
B  top  there  is  a  stratam  with  the  ''Yicksbargian"  fossils; 
low  this  follows  a  stratam  of  limestone  with  PecUn^  about 
irtv  feet  thick ;  at  the  base  is  a  clayey  stratam  with  fossils, 
hich  mast  be  strictly  separated  from  the  upper  ones.  These 
nia  may  be  called  ^^Hig;her,"  *' Middle**  ana  "Lower  Yicks- 
orgian."  The  Higher  Yicksbureian  contains  the  fossils,  gen* 
raUy  known  as  Yicksburg  fossils.  The  Lower  Yicksbur^n 
I  diaracterized  at  first  sight  by  the  absence  of  Area  Missieeippi' 
mi  Conr.,  which  is  abundant  in  the  Higher  Yicksburgian.  It 
irery  interesting  as  containing  a  species  of  Checum  and  two 
pecies  of  the  Pteropod  Styliolay  two  genera  hitherto  unknown 
3  the  American  Old-tertiary.''^  Though  I  have  not  found  as 
et  the  species  mentioned  by  Conrad,  the  Lower  Yicksburgian 
)  apparently  identical  with  that  stratum,  which  Conrad  called 
Ihelf  Bluff  group, t  in  Yicksburg;  but,  if  so,  this  name  cannot 
«  used  for  the  Yicksburg  stratum,  because  it  implies  a  paraU 
slism  with  Shell  Bluff,  which  is  as  yet  entirely  without  any 
looi 

After  the  description  of  the  three  preceding  profiles,  the  fol- 
>wing  reasons  for  indicating  as  the  true  succession — ^Yicksburg, 
lekson  and  Claiborne,  with  Claiborne  at  the  top,  may  be 
lentioned : 

1.  The  Orbitoidic  limestone,  parallelized  by  Conrad  with 
Icksburg,  is  characterized  hj  Spendylvs  dumonu  and  Orhiioides 
lanUMi.  As  Conrad  found  a  specimen  of  Spondylus  dumosus 
I  the  lower  limestone  of  the  Claiborne  bluff,  he  concluded 
)mX  this  lower  limestone  formed  the  top  of  the  Orbitoidic 
mestone.  Lyel],  upon  whose  authority  tne  contrary  opinion 
us  accepted,  could  adduce  no  facts  at  all  against  Conrad's 
leoiy,  and  this  theory  is  made  more  probable  by  my  finding 
specimen  of  the  second  characteristic  fossil,  an  Orbitoid,  in  this 
)wer  limestone. 

2.  If  the  stratum  &,  which  occurs  about  a  hundred  feet  below 
36  surface  in  Claiborne,  appears  near  the  surface  in  Enterprise, 
dip  of  the  strata  is  indicated,  which  makes  it  probable  that 
e  find  older  beds  as  we  go  in  the  northwestern  direction. 

*  Two  other  species  of  Styliola  occur  in  Jackson. 
/  TbiB  Jonrnal,  2d  aeriea,  i,  1866,  p.  96. 
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8.  If  the  Jacksonian  were  younger  than  the  Claibomian^  the 
Highest  Claibomian  ought  to  be  more  nearly  related  to  it  tbar 
the  Lowest.  I  found,  on  the  contrary,  the  fauna  of  the  lattei 
more  similar  to  the  Jacksonian.  For  instance,  Lunuliies  inter 
stitia  Lea  is  common  in  Jackson,  not  rare  in  the  Lowest  Clai 
bornian,  very  rare  in  the  Highest.  Mitra  pactilts  var.  dumtm 
is  common  in  Jackson  ;  i/.  pactilts  is  rarer  in  the  Lowest  Clai 
bornian,  and  apparently  absent  in  the  Highest 

4.  If  Jackson  were  older  than  Vicksburg,  the  Lower  Vicka 
burgian  ought  to  show  more  relationship  to  it  than  the  Higher 
I  found  rather  the  contrary ;  for  instance,  Astarte  parva  Lea 
in  the  lowest  stratum,  is  more  diflferent  from  the  Jackson  fern 
than  in  the  highest  stratum. 

5.  As  a  proof  of  this  succession  and  derivation,  the  followinj 
facts  are  to  be  considered:  Venericardia  rotunda  Lea  in  '\U 
young  form  resembles  the  allied  Jacksonian  species.  Fulgui 
filius  Meyer  repeats  in  its  sculpture  Fulgur  Mississippiensis  Conr. 

Tellina  Vicksburgensis  Conr.  resembles  the  young  form  of  the 
allied  variety  in  Jackson  (pee  part  I,  Nos  22,  69,  35). 

6.  Among  the  fossils  from  Wood's  Bluft',  Ala.,  which  I 
received,  there  is  a  Vicksburgian  species  {Pleurotoma  terebraHi 
Lam.  var.  carinata  Conr.),  a  Jacksonian  species  {Actason^  sp.), 
but  no  characteristic  Claibornian  speciea  According  to  the 
determinations  of  Professor  Heilprin,  moreover,  Natica  Missis* 
stppiensis  Conr.  and  Pecten  Poulsoni  Mort  occur  in  these  strata, 
so  that  they  show  a  decidedly  Vicksburgian  character.  Accord- 
ing to  Professor  E.  A.  Smith  they  are  stratigraphically  far 
helow  the  Clabornian. 

7.  In  Harper's  Geology  of  Mississippi  (Jackson,  1857,  p.  141), 
a  bluflf  in  Wayne  County  is  described  and  extensively  figured 
Harper's  stratum  on  the  top  i,  "containing  Pectens  of  several 
species,  Gallerites  and  several  Ostrese,"  is  apparently  my  stratum 
h  from  Claiborne,  which  I  showed  to  occur  near  the  surface  at 
Enterprise,  a  place  not  very  distant  from  this  locality.  Har- 
per's second  stratum  below,  called  d,  "filled  with  OrbitoideSj 
OstreOj  Pecten  of  several  species,  Area,  Flabellum^  Oardita^ 
Gallerites,  etc.,"  seems  to  be  of  Jacksonian  or  Vicksburgian 
character. 


Art.  XL — On  the  probable  occurrence  of  the  Oreat  Welsh  Pa/ra 
doxides,  P.  Davidis,  in  America  ;  by  Geo.  F.  Matthew. 

This,  the  largest  and  most  remarkable  species  of  Paradox 

ides  occurring  in  the  Primordial  fauna  of  Europe,  has  not,  s 

far  as  the  writer  is  aware,  been  \i\\ivwlo  iovxxidi  "vci  Kxt^ensa.*    1 
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• 
i8  discovered  by  Dr.  Henry  Hicks  near  St  Davids  in  Wales 
out  twenty  years  ago,  and  was  subsequently  found  (by  Pro- 
Bor  O.  Torell?)  in  Sweden  in  1869. 

Through  the  kindness  of  Mr.  J.  P.  Howley,  Director  of  the 
x>logical  Survey  of  Newfoundland,  the  writer  received,  a  few 
3nths  ago  a  box  of  Cambrian  fossils  from  that  Island  and 
aong  them  fragments  which  appear  to  belong  to  this  speciea 
3  most  important  characters  are  well  represented  by  the  pos- 
rior  half  oi  the  center  piece  of  the  buckler,  by  the  free  cheeks, 
le  long  cylindrical  genal  spines  and  the  peculiar  hypostome. 
he  outlines  and  aspect  of  the  parts  preserved  agree  exactly 
ith  thofle  of  specimens  from  the  Swedish  beds  figured  by  G. 
linnarBBon.*  The  Newfoundland  fossil  sent  me  is  not  P. 
lennetti  of  Salter,  nor  is  it  Green's  P.  Harlani;  from  both  it  is 
lisUnct  by  the  outlines  and  furrows  of  the  glabella,  by  the 
hort  eyelobe  and  by  the  great  extension  of  the  facial  suture 
)ehind  the  eyelobes. 

A  large  species  of  Paradoxides  is  also  found  in  the  Cambrian 
ilaies  at  Saint  John,  New  Brunswick,  but  the  fragments  recov- 
ered are  not  sufficiently  large  or  perfect  to  make  it  clear  that  it 
istbe  species  above  referred  to.  This  crustacean  of  the  Saint 
John  Group  was  nearly  a  foot  and  a  half  long  (supposing  it  to 
baye  had  extended  spines  next  the  pygidium  like  P.  Davidis), 

The  American  examples  of  P.  Davidis  occur  in  a  hard  black 
silico-calcareous  shale  at  Highland's  Cove,  Trinity  Bay,  New- 
foundland, in  company  with  species  of  Agnostus — A.  punctuosus 
Aug.,  A.  loevigatus  Dalm.,  A.  Acadicus  Hartt  (var.  declivis  mihi.) 
These  fossils  indicate  a  new  horizon  in  the  Paradoxides  beds 
of  America  somewhat  above  that  of  Braintree,  or  the  known 
horizons  of  Newfoundland  and  New  Brunswick. 


SCIENTIFIC     INTELLIGENCE. 

I.    Chemistry  and  Physics. 

\.  On  a  simplified  method  of  liquefying  Oxygeu, — It  is  well 
bown  that  liquid  ethylene,  boiling  in  free  air,  gives  a  cold  suflS- 
cient  to  liquefy  oxygen  under  pressure,  only  when  the  latter  is 
snddenly  expanded.  By  evaporating  the  ethylene  in  vacuo  or  by 
nsing  liquid  methane  in  free  air,  Cailletet  produced  the  tempera- 
ture of  liquefaction,  both  of  oxygen  and  nitrogen.  Since,  how- 
ever, ethylene  is  more  readily  procurable  in  the  liquid  form  tlian 
nethane,  the  author  has  experimented  on  the  use  of  this  substance 
jTaporated  in  free  air  and  has  succeeded  in  obtaining  by  its  means 
I  temperature  sufficiently  low  to  liquefy  oxygen  completely. 
This  he  effects  by  hastening  the  evaporation  of  the  ethylene  sim- 

*De  Undre  Pandoxidealagren,  Stockholm,  1883,  Plat©  II. 
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ply  by  passing  through  it  a  current  of  air  or  of  hydrogen  preyions- 
ly  cooled  to  a  low  temperature  by  the  agency  of  methyl  chloride. 
The  steel  cylinder  containing  the  liQQid  ethylene  is  supported 
vertically  with  its  orifice  downward.  To  this  a  copper  worm,  3  or 
4  millimeters  in  diameter,  is  attached,  and  is  closed  at  its  lower 
end  by  a  screw  plug.  On  cooling  this  worm  to  —70®  by  means 
of  methyl  chloride,  the  ethylene  contained  in  it  has  at  this  tempera- 
ture only  a  feeble  tension,  and  flows  out  when  the  screw  plug  is 
opened,  without  much  loss.  The  liquid  ethylene  is  received  in  a 
test  tube  of  thin  glass  placed  within  a  larger  glass  vessel  contain- 
ing dry  air.  It  is  necessary  now  only  to  accelerate  its  evapora- 
tion by  passing  through  it  a  rapid  current  of  the  cooled  iiir  or 
hydrogen,  in  order  to  -see  oxygen  compressed  in  a  glass  tube  im- 
mersed in  the  ethylene,  condense  into  a  clear  colorless  liquid  hav- 
ing a  sharply  defined  meniscus.  By  means  of  the  hydrogen  the^ 
mometer,  the  temperature  which  was  thus  obtained  with  ethylene 
was  measured  ana  found  to  be  —123° ;  a  temperature  below  the 
critical  point  for  oxygen.  In  this  form  the  experiment  is  one  well 
suited  to  the  lecture  table. —  C.  i?.,  c,  1033,  April,  1886.  o.  p.  b. 

2.   On  the  preparation  of  Cyanogen  in  the  wet  toay. — WhUe 
studying  to  learn  the  best  conditions  for  the  preparation  of  Bon^ 
purple,  Jacquemin  mixed  a  concentrated  solution  of  copper  bqI* 
phate  with  one  of  potassium  cyanide  and  immediately  obtained  a 
tumultuous  evolution  of  cyanogen  ^as,  while  the  temperature  of 
the  liquid  rose  40®.     Altnoneh  this  fact  had  been  already  oV 
served,  the  author  has  succeeaed  by  a  simple  modification  of  the 
experiment,  in  making  the  reaction  complete  so  as  to  obtain  in  the 
free  state  all  the  cyanogen  of  the  cyanide.     A  solution  of  two 
parts  copper  sulphate  in  four  of  water  is  placed  in  a  flask  on  the 
water  bath,  and  by  means  of  a  funnel  furnished  with  a  stopcock, 
a  concentrated  solution  containing  one  part  of  pure  potassium 
cyanide  is  allowed  to  enter.     The  reaction  begins  actively  even  at 
the  ordinary  temperature,  and  when  this  diminishes,  the  tempera- 
ture of  the  water  bath  is  raised.     In  one  experiment  ten  grams 
pure  potassium  cyanide  gave  860  c.  c.  of  pure  cyanogen.     If  com- 
mercial cyanide  be  used  carbon  dioxide  gas  is  obtained  in  addi- 
tion.    In  the  reaction,  cupric  cyanide  is  at  first  formed.     This  be- 
ing unstable  separates  into  cuprous  cyanide  and  cyanogen.    Two 
processes   have  been  devised  by   the  author  for  obtaining  the 
cyanogen  from  the  cuprous  cyanide.     On  standing,  the  cuprous 
cyanide  settles  to  the  bottom  of  the  flask  and  the  supernatant 
liquid  is  decanted.     In  the  first  process,  a  slight  excess  of  a  30^ 
solution  of  ferric  chloride  is  poured  into  the  flask.     The  action  be- 
gins even  in  the  cold  and  an  abundant  evolution  of  cyanogen 
takes  place  on  slightly  warming  the  liquid.     The  ferric  chloride 
is  reduced  to  ferrous  chloride  the  excess  of  chlorine  uniting  with 
the  copper  of  the  cuprous  cyanide,  producing  cuprous  chloride  and  • 
setting  the  cyanogen  free.     By  the  further  action  of  the  ferric 
chloride  the  cuprous  chloride  is  converted  into  cupric  chloride. 
The  second  process   consists  in  add\w^  \.o  the  washed  cuprons 
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ranide,  manganese  dioxide  and  aoetio  acid,  and  slightly  warm- 

Stbe  mixture.  Acetates  of  copper  and  of  manganese  are  formed 
the  cyanogen  is  evolved.  When  the  operation  is  terminated, 
le  addition  of  snlphnric  acid  enables  the  acetic  acid  to  be  dis- 
Ued  off  for  a  new  operation.  In  separating  the  cyanogen  which 
evolved,  from  any  other  easeons  substances  with  which  it  may 

I  mixed,  Jacqnemmfinds  ^t  this  eas  is  very  readily  absorbed 
f  amKne  to  form  cyaniline,  and  hence  recommends  this  sub- 
anee  as  the  best  witii  which  to  absorb  it,  since  neither  CO^  CO, 
or  air  are  appreciably  absorbed  by  aniline. —  0.  i{.,c,  1005, 1006, 
kpiil,  1885.  o.  F.  B. 

S.  On  two  new  Aikalifnetrie  Indicators. — ^Vnxs  and  Ekqsl 
ave  proposed  two  new  indicators  for  alkalimetry,  both  of  which 
rt  nnai^eted  by  carbonates ;  so  that  by  means  of  these,  the  free 
liMS  may  be  determined  volnmetrically  in  presence  of  the  alkali 
srbonates.  The  first  of  these  is  sulphindigotic  acid.  It  is  pre- 
itted  by  nentralinng  with  calcium  carbonate  the  ordinary  sola- 
ioD  of  mdiffo  in  fuming  sulphuric  acid,  diluting  with  ten  parts  of 
rater  and  filtering.  While  carbonates  are  without  action  upon 
lie  blue  color  of  this  liquid,  caustic  alkalies  change  it  to  yellow . 

II  titering  with  it,  a  few  drops  of  this  blue  liquid  are  aaded  to 
ihe  solution  containing  the  caustic  alkali,  which  turns  it  yellow. 
\a  soon  as  the  neutralization  is  complete,  the  color  of  the  liquid 
^ges  back  to  blue,  passing  through  an  intermediate  ereen. 
Sj  placing  the  beaker  on  a  white  paper  each  drop  of  acid  as  it 
alters  produces  a  bine  spot  at  the  point  of  contact,  which  ceases 
)D  neutralization.  The  second  substance  proposed  as  an  indi- 
later  is  the  soluble  blue  C.  4.  B.  of  Poirier.  This  in  solution 
n  water  (2 parts  in  1000)  is  even  more  sensitive  than  the  sulphin- 
iigotic  acia.  In  presence  of  alkali  carbonates  this  solution  re- 
nuns  blue  but  becomes  red  under  the  influence  of  the  free  bases, 
[f  to  a  solution  containing  both  carbonates  and  free  bases,  a  few 
Irops  be  added,  a  rose-red  liquid  is  obtained  in  which  each  drop 
i  the  flpraduated  sulphuric  acid,  as  it  enters,  produces  a  blue 
xdor,  which  so  long  as  neutralization  is  incomplete  is  transient, 
)sqX  which  as  neutralization  is  approached  passes  through  violet 
nto  a  permanent  blue  when  no  more  caustic  alkali  is  present. 
SVith  these  indicators,  the  determination  of  free  alkali  in  presence 
^f  carbonated,  is  rendered  as  rapid  and  accurate  as  is  ordinary 
ilkalimetry  with  litmus  or  orange  No.  3. —  C7.  -R.,  c,  1073,  April 

885.  O.  F.  B. 

4.  On  the  Separation  of  Nickel  and  Cobalt. — Ilinski  and  v. 
L50SBS  have  proposed  a  new  method  of  separating  nickel  and 
ihall  founded  on  the  properties  of  the  compounds  which  these 
letals  form  with  nitro8o-)^-naphthol.  If  to  a  neutral  aqueous 
>lution  of  8odium-nitro80-/?-naphthol  an  excess  of  a  cobalt  salt 
;  added  in  solution,  a  brownish  red  precipitate  of  cobalto-nitroso- 
•naphthol  [C,,H,0(NO)],Co  is  produced  which  is  very  sparingly 
Juble  in  water.  By  digestion  with  potassium  hydrate,  this  pre- 
pitate  loses  slowlj,  by  waTm'wg  with  acids  rapidly,  a  porXiow  o^ 
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its  cobalt  and  is  converted  into  cobalti-nitroso-y^-naphthol, 
[Cj„H,0(NO)],Co,  of  a  purple-red  color.  The  same  body  is  ob- 
tained when  a  neutral  or  acid  solution  of  a  cobalt  salt  is  added  to 
a  solution  of  nitroso-)5-naphthol  in  alcohol  or  acetic  acid.  It  is 
remarkably  stable,  resisting  acids,  alkalies,  oxidation  and  reduc- 
tion reagents,  etc.,  to  a  marked  degree.  It  dissolves  in  fuming 
nitric  acid  and  in  strong  sulphuric  acid,  but  is  precipitated  un- 
changed on  dilution.  Boiled  with  strong  alkalies,  it  is  only  slow- 
ly attacked.  Hot  acetic  acid  (50  per  cent)  dissolves  it  sparingly, 
but  deposits  it  again  completely  on  cooling.  It  is  slightly  soluble 
in  strong  alcohol,  more  so  in  dilute  alcohol  and  readily  in  aniline 
and  phenol.  Nickel  salts  give  under  similar  circumstances  nickel- 
nitroso-)5-naphthol  as  a  brown-yellow  precipitate  difficultly  soluble 
in  water  and  alcohol  and  from  which  hydrochloric  and  sulphuric 
acids  easily  remove  the  nickel  leaving  the  nitroso-/5-naphthol, 
which  in  presence  of  sufficient  acetic  acid  goes  into  solution.  As 
therefore  a  nickel  salt  produces  no  precipitate  in  an  acetic  solution 
of  nitro8o-)^-naphthol  containing  hydrogen  chloride,  the  authors 
recommend  the  following  method  of  separation :  To  the  solution 
containing  the  nickel  and  cobalt  as  sulphates  or  chlorides,  acidu- 
lated with  hydrochloric  acid  and  slightly  warmed,  a  hot  solution 
of  nitroso-)^-naphthol  in  50  per  cent  acetic  acid  is  added.  The 
precipitate  is  allowed  to  deposit  and  the  supernatant  liquid  tested 
with  more  of  the  reagent.  After  some  hours,  the  precipitate  is 
filtered  off,  washed  first  with  cold,  then  with  hot  water,  and  then 
with  a  12  per  cent  solution  of  hydrochloric  acid  to  remove  the 
whole  of  the  nickel.  After  drying,  a  few  grains  of  oxalic  acid  free 
from  ash  are  added,  and  the  precipitate  is  burned  as  usual  in  a 
tared  crucible.  The  residue  is  ignited  in  a  current  of  hydrogen 
gas  and  weighed  as  metallic  cobalt.  The  nickel  may  be  deter- 
mined in  the  filtrate  as  usual.  By  determining  both  metals  in  an 
aliquot  part  of  the  solution  by  precipitation  with  potassium 
hydrate  and  reduction  to  the  metallic  state,  and  then  estimating 
the  cobalt  in  another  similar  portion  as  above,  the  nickel  is  readilj 
determined  by  difference.  In  20  c.c.  of  a  solution  containing 
0-0382  gram  cobalt,  00380, 0-0378,  and  0*0379  gram  were  obtaineo 
in  three  experiments.  Fifty  c.c.  of  this  cobalt  solution,  mixed 
with  100  c.c.  of  a  nickel  solution  containing  0*2097  m.,  gave 
0*0947  gram  Co  instead  of  0*0955.  As  to  delicacy,  0*2  c.c.  of  a 
cobalt  solution  containing  0*00004  gram  Co,  mixed  with  6  c.c.  oi 
a  nickel  solution  containing  0*0105  Ni,  gave  when  mixed  with  the 
solution  of  nitroso-)5-naphthol,  an  immediate  turbidity,  and  aftei 
a  time  flocks  of  the  cobalti-compound  separated. — Ber,  Berl 
Chem.  (jres,,  xviii,  699,  March,  1885.  G.  p.  b. 

5.  On  a  ready  method  of  preparing  Tartronic  acid, — Althougli 
many  processes  have  been  devised  for  preparing  tartronic  (oxy- 
malonic)  acid,  yet  owing  to  the  cost  of  the  crude  material  or  the 
very  small  yield,  this  acid  has  been  but  little  studied.  Pinnei 
has  recently  observed  the  formation  of  this  acid  by  the  action  oi 
sodium  hydrate  upon  ethyl  trichlorlactate  according  to  the  equa- 
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don:  CCl..  CHOH.CO,CH.  +  (NaOH),=CO^a.CHOH.CO,Na 

+(NaCl),+C,H,0+(H,0),.  To  prepare  it,  he  adds  to  a  10  per 
oent  sodium  hydrate  solution  warmed  to  60^  or  70°,  the  trichfor- 
lactic  ether  slowly,  in  the  proportion  of  one  molecule  of  the  latter 
to  5  of  NaOH.  After  standing  a  shoii;  time,  dilute  acetic  acid  is 
idded  to  weak  acid  reaction  and  then  barium  chloride  solution  so 
long  as  this  gives  a  precipitate.  After  cooling  the  precipitate  is 
filtered  off  and  washed.  It  consists  of  pure  barium  tartronate. 
rhe  yield  of  the  barium  salt  was  about  50  per  cent  of  the  "ether 
employed.  The  trichlorlactic  ether  is  readily  formed  from  its 
nitrile,  chloralcyanhydrin,  by  passing  hydrogen  chloride  gas 
through  its  alcoholic  solution,  heated  on  the  water  bath.  And 
the  chloralcyanhydrin  is  produced  by  the  action  of  hydrogen 
cyanide  upon  chloral  bydrate.  From  1800  grams  chloral  hydrate, 
the  author  obtained  2100  trichlorlactic  ether. — Ber,  Berl.  Chem. 
Gt8,^  xriii,  752,  March,  1885.  g.  f.  b. 

6.  Pocket  Book  of  Mechanics  and  Engineering^  containing  a 
memorandum  of  facts  and  connection  of  practice  and  theory,  by 
John  W.  Nysteom,  C.E.  18th  edition,  revised  and  greatly 
enlarged  with  original  matter.  672  pp.  12mo.  Philadelphia,  1885 
(J.  B.  Lippincott  &  Co.). — From  1854  to  1885  this  valuable  work 
—small  in  size  but  large  in  the  amount  of  matter  it  contains — has 
gone  through  eighteen  editions  and  has  increased  two  and  a  half 
times  in  size.  It  contains  a  vast  number  of  facts  conveniently 
arranged  and  covering  a  wide  range  of  subjects.  Personal  experi- 
eoce  with  an  earlier  edition  has  shown  the  writer  how  useful  a 
companion  such  a  book  can  be. 

II.    Geology  and  Mineralogy. 

1.  Coals  and  Lignites  of  the  Northtoest  Territory ;  by  G. 
Christian  Hoffmann,  Chem.  and  Min.  Canada  Geol.  Survey. 
From  the  Geol.  and  Nat.  Hist.  Survey  of  Canada.  Montreal,  1884 
(Dawson  Brothers). — The  coals  and  lignites  of  the  Northwest 
Territory  have  been  studied  with  great  thoroughness  by  Mr. 
Hoffmann  and  with  important  results.  The  coal  products  are 
divided  into  Lignites,  Lignite  Coals  and  Coals,  and  the  three 
groups  are  separately  considered.  The  Lignites  rather  easily  fall 
to  pieces  on  exposure,  the  hygroscopic  water  ranges  from  10  to 
17  per  cent,  and  they  all  communicate  a  brownish-red  color  to  a 
boiling  solution  of  potash;  and  they  are  all  non-coking,  in  no 
instance  affording  a  coherent  coke.  The  Lignitic  Coals  do  not 
easily  disintegrate  on  exposure,  the  hygroscopic  water  varies  from 
8  to  9  per  cent,  they  act  with  potash  like  the  above  but  with  less 
deep  color ;  and  none  yield  a  coherent  coke.  The  coals  are  hard 
and  firm,  bearing  transportation  without  serious  waste  by  reduc- 
tion to  pure  coal ;  they  give  but  slight  coloration  to  a  solution  of 
potash ;  they  yield  by  fast  coking  a  good  coherent  coke  though 
oot  by  slow  coking ;  they  contain  but  a  small  proportion  of 
hygroscopic  water;  and  in  general  appearance  and  chemvciV  com- 
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position   resemble  some  varieties  of  coal   of  the  Carboniferoos 
system. 

2.  Why  are  there  no  Fossils  in  the  strata  preceding  the  Cant' 
brian  f — This  question  is  answered,  in  the  J?roceeding8  of  the 
Philadelphia  Academy  of  Natural  Sciences,  by  Mr.  Charles  Mor- 
ris, by  the  suggestion  that  the  earliest  animals  like  the  youngest 
stage  of  animal  life  generally  had  no  hard  parts  to  preserre; 
and  that  the  sudden  appearance  of  tribes  was  simply  the  appear- 
ance of  species  having  hard  or  stony  secretions.  One  difficulty  m 
the  way  of  the  theory  is  presented  by  the  existence  of  limestone 
formations  of  great  extent  in  the  Archaean  which  most  geologist! 
suppose  to  be  of  organic  origin,  and  the  existence  also  of  phos- 
phate of  lime  in  large  quantities  which  also  is  material  of  possible 
organic  origin.  These  facts,  although  of  uncertain  bearing,  throw 
doubts  into  all  speculations  on  the  subject. 

3.  Cone-in- Cone  Structure, — Mr.  John  Young  in  a  paper  read 
before  the  Geological  Society  of  Glasgow  (Geol.  Mag.,  June, 
1885),  arrives  at  the  conclusion  that  the  cone-in-cone  structure, 
common  in  certain  fine-grained  sedimentary  strata,  consisting 
chiefly  of  calcareous  material,  clay  and  iron,  is  due  to  the  upward 
escape  of  some  gas  generated  in  the  deposit  while  it  was  in  process 
of  formation,  each  ebullition  of  gas  producing  a  new  layer.  The 
cone  is  invariably  found  with  the  apex  downward,  and  tne  author 
states  that  between  the  successive  layers  there  is  always  a  thin 
film  of  clay  and  also  an  axis  of  clay  to  the  cone.  The  transverse 
wrinkling  on  the  layers  is  attributed  to  a  creeping  downward  of 
the  plastic  material  through  gravity.  In  the  Scottish  coalfield 
the  structure  occurs  in  strata  of  freshwater  or  lacustrine  ori^n. 

4.  Aerial  formations. — As  the  loss  of  China  and  similar  depos- 
its of  other  countries  have  been  supposed  to  be  of  aerial  or  "  Eolian** 
origin,  the  following  facts  from  the^  Records  of  the  Geological 
Survey  of  India,  vol.  xviii,  p.  617,  1886,  are  interesting,  as  they 
illustrate  the  general  truth  that  deposits  so  made  never  have 
for  long  distances  a  flat  horizontal  surface  or  horizontal  stratifica- 
tion. "Aerial  formations  in  the  shape  of  blown  sand  cover  large 
tracts  in  these  wide  valleys  (in  Beluchistan),  and  practically  dl 
the  level  country  between  Nuahki  and  Helmund  is  covered  with 
sand-hills.  It  is  characteristic  of  them  that  they  generally  form 
low  hills  of  crescent  shape,  with  the  horns  and  the  scarp  to  lee- 
ward ;  the  inclined  plane  formed  by  the  currents  of  air  are  there- 
fore generally  dipping  westward  and  show  a  rippled  sui-face,  re- 
sembhng  closely  the  accumulations  of  drift  snow  on  the  Him- 
alayas." 

6.  Irish  and  Canadian  Rocks  compared, — In  a  paper  by  Mr. 
G.  H.  KiNAHAN,  in  the  Geological  Magazine  for  April,  1 885,  the 
characters  of  some  Irish  and  Canadian  Archaean  rocks  are  dis- 
cussed. He  concludes  that  some  of  the  gneissic  Canadian  rocks 
are  very  similar  to  Irish  metamorphic  rocks  that  are  not  Archsaan 
but  of  different  later  periods,  as  Cambrian  and  Lower  Silurian. 
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6.  Cambrian  or  Primordial  rocks  in  the  eastern  part  of  Brit- 
iih  Columbia. — ^Mr.  H.  H.  Winwood  describes,  in  the  Geologi- 
cal Magazine  for  May,  greenish  micaceous,  more  or  less  calcareous 
rocks,  containing  remains  of  Paradoxides,  Conocorvphe,  and  other 
allied  forms, from  a  locality  near  Stephen,  on  the  Canadian  Pacific 
Railway,  between  the  116th  and  117th  meridians  west  of  Green- 
wich. 

7.  The  folds  in  the  Alps. — The  double  folds  described  from 
the  **Alpe8  Glaronnaises "  by  M.  Heim  have  been  a  subject  of 
mach  discussion,  and  one  of  those  objecting  to  them,  M.  Vacek, 
has  a  paper  in  the  Jahrb.  der  k«  k.  Geol.  Reichsanst.,  xxxiv,  234, 
1884.  M.  Bertrand  has  a  paper  bearing  on  the  same  subject  in 
the  Bull.  Soc.  Geol.  de  France,  xii,  318,  1884. — Archives  Sci. 
Phys,  et  Nat.,  xiii,  March  16,  1886. 

8.  Disintegration  in  the  Alps, — M.  A.  Brun,  after  a  micro- 
scopic study  of  the  rocky  crests  of  the  Alps  (Echo  des  Alpes, 
1884),  observes  that  they  are  penetrated  with  small  fissures,  lep- 
toclases  (joints)  or  microclases,  having  directions  determined  by 
the  dislocations  of  the  rock;  that  a  mountain  mass,  like  the 
Aiguille  du  Midi,  in  the  Mt.  Blanc  chain,  is  traversed  in  certain 
directions  by  diaclases  and  paraclases — intersecting  fissures, 
which  divide  the  mountain  into  gigantic  fragments,  and  were 
due  to  the  pressures  and  tensions  undergone  by  the  rock  since  its 
fomation.  The  microclases  give  the  rock  great  'porosity,  per- 
mitting the  absorption  of  water,  which  acts  by  corrosion  as  well 
as  in  other  ways.  The  water  charged  with  lime  (from  calcareous 
material  in  the  granite)  may  contain  even  three  milligrams  of  silica 
perlitet — Archives  Sci.  et  Phys.  et  Nat.,  xiii,  March  15,  1885. 

9.  The  Amblypoda  ;  byE.  D.  Cope. — The  American  Naturalist 
for  November  and  December,  1881,  and  January,  1885,  contains 
an  illustrated  memoir  by  Professor  Cope  on  species  of  the  genera 
Coryphodon,  Bathmodon,  Pan'tolambda,  Bathyopsis,  Loxolopho- 
don  and  Uihtatherium. 

10.  2%€  Zienape  Stotie,  or  the  Indian  and  the  Mammoth;  by 
H.  C.  Merger.  96  pp.  12mo,  with  illustrations.  New  York  and 
London,  1885.  (G.  P.  ^Putnam's  Sons). — This  little  volume  contains 
a  review  of  the  facts  in  Archaeology  bearing  especially  on  the 
existence  of  man  with  the  **  Mammoth."  The  facts  are  well 
illustrated  and  appear  to  be  fairly  presented. 

11.  United  States  Geological  Survey. — The  following  publica- 
tions of  the  Survey  have  recently  appeared : 

Reriew  of  the  Fossil  Ostreidse  of  North  America  and  a  comparison  of  the  fossil 
with  the  living  forms,  by  0.  A.  White,  M.D.,  with  appendices  by  Prof.  A.  Heil- 
prin  and  Mr.  John  A.  Ryder.  From  4th  Annual  Report  of  the  Director,  1882, 
1883,  Washington. 

A  Qeological  Reconnoissance  in  Southern  Oregon,  by  Israel  C.  Russell.    Ibid. 

Bulletin  of  the  Survey  No.  10,  on  the  Cambrian  Faunas  of  North  America.  56 
pp.,  with  10  plates.  Washington. 

BoUetin  No.  11,  on  the  Quaternary  and  recent  MoUusca  of  the  Great  Basin,  by 
R.  Ellsworth  Call,  introduced  by  a  sketch  of  the  Quaternary  Lakes  of  the  Great 
Baain,  by  G.  K.  Gilbert. 
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12.  Beitrdge  zur  JTenJitnisa  der  Flora  der  Vbrtoeltj  Band  IL 
Die  Carbon-Flora  der  Schatzlarer  Schiohten,  von  D.  Stur.  K  K, 
Geol.  Reichs.  xi  Band,  I.  Abtheilung. — With  many  lithographic 
plates  and  48  zincotpyes.     A  grand  wort 

13.  Physikalische  Kryatallographie  und  Einleitung  in  die 
krystcUlographische  ICenntniss  der  wichtigeren  Substanzen  von 
Paul  Groth.  Zweite  umgearbeitete  und  vermehrte  Auflage,  710 
pp.  8vo.  Leipzig,  1885,  (Wm.  Engelmann). — This  is  a  work  which 
should  be  in  the  hands  of  every  student  not  only  of  Mineraloey 
but  of  Chemistry  also.  The  author  is  one  of  the  most  successnil 
teachers  in  Germany,  and  his  book  is  especially  adapted,  both  in 
fulness  of  explanation  and  clearness  of  style,  for  the  use  of  stn- 
dents.  The  new  edition  contains  much  new  matter,  more  espe- 
cially in  regard  to  the  description  and  use  of  the  instruments 
employed  in  investigating  the  form  and  physical  properties  of 
crystallized  substances.  The  chapter  devoted  to  this  subject 
extends  to  130  pages  and  is  all  that  could  be  desired,  whether  ai 
regards  the  completeness  of  description  or  the  abundance  of  illuft- 
trations. 

14.  On  the  occurrence  of  native  Silver  in  New  Jersey;   by 
Nelson  H.  Darton.      (Communicated.) — The  only  locality  in 
which  metallic  silver  has  been  found  in  New  Jersey  hitherto  is 
the  Bridgewater  copper  mine,  near  Somerville,  where  it  occasion- 
ally occurs  asi*minute  linings  or  blotches  on  the  cuprite.      Rogers 
called  attention  to  this  in  his  1836  Report,  in  describing,  for  the 
first  time,  the  copper  deposits  in  the  Mesozoic  rocks  of  the  Stata 
Many  of  the  copper  ores  from  other  parts  of  the  formation  have 
yielded  small  amounts  of  silver  by  assay,  as  noted  by  SchaeflTer.* 
Recently  a  small  opening  for  copper  ore  has  been  made  on  the 
Westlake  property,  near  the  old  Schuyler  mine  in  Hudson  County, 
and  in  cavities  in  the  very  rich  chalcocite  ore  the  writer  found 
some  very  fine  specimens,  with   thread   silver  associated   with 
mammillary  coatings  of  malachite.     The  ore  occurs  in  red  sand- 
rock,  adjacent  to  a  dike  of  the  trap  sheet  of  the  Hackensack  up- 
land and  interbedded  with  carbonaceous  strata,  seamed  with  veins 
of  anthracite  of  small  size.     These  features  I  will  describe  in  de- 
tail, in  a  memoir  soon  to  appear. 

The  thread  silver  is  easily  identified,  fusing  readily  to  a  bead, 
soluble  in  HNO„  from  which  it  precipitate  as  chloride  with  HCl. 
The  threads  are  from  3™°*  to  8™°*  in  length,  and  very  uniformly 
about  i^^  in  thickness ;  they  are  thinly  coated  with  malachite, 
and  when  this  is  removed,  are  bright  and  crystalline  in  appearance; 
their  regularity  is  sometimes  interrupted  by  slight  local  thicken- 
ings, and  the  terminations  are  irregular  and  ragged.  Several 
endeavors  were  made  to  cut  sections  for  microscopic  study,  but 
without  success.  The  threads  are  always  separate  from  each 
other,  extending  from  the  walls  out  into  the  cavity.  Assays  of  the 
average  ore  yielded  about  $12  per  ton  of  silver  and  a  trace  of  gold. 
The  pocket  was  cleaned  entirely  out  and  the  ore  sent  to  Bergen 
Point. 

*  Eng.  and  Mining  Jour.,  xzxiii,  p.  90,  1882. 
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Careful  examinatioDB  of  the  accessible  portions  of  the  Schuyler 
miDe  have  never  resalted  in  the  discovery  of  thread  silver. 
Metallic  copper  was  found,  however,  in  the  Passaic  mine  in  the 

same  vicinity. 
Laboratory,  112  Water  St,  New  York  City. 

15.  On  the  Vanadates  and  lodyritefrom  Lake  Valley^  Sierra 
County^  New  Mexico  ;  by  F.  A.  Genth  and  G.  vom  Rath. — This 
interesting  paper  contains  descriptions  of  vanadinite  from  the 
Sierra  Bella  and  Sierra  Grande  mines,  of  endlichite,  a  vanadife- 
roQs  mimetite,  and  of  fine  crystals  of  descloizite.  The  mineral 
called  endlichite,  after  Dr.  F.  M.  Endlich,  superintendent  of  the 
Sierra  Mines,  is  a  sub-species  intermediate  between  vanadinite  and 
nnoetite.  It  occurs  in  crystalline  groups  with  columnar  structure 
sometimes  radiating,  also  sheaf-like ;  the  hexagonal  form,  charac- 
teristic of  the  group,  is  frequently  distinct  The  color  varies  from 
white  to  yellowish  white  or  straw-yellow.  The  iwo  analyses  by 
Dr.  lientb,  proved  that  the  vanadium  and  arsenic  were  present  in 
the  ratio  of  1:1.  One  of  these  gave,  after  deducting  impurities, 
and  recalculating  to  100: 

AstOft  V,0,  CI  PbO 

10-73  7-94  218  7916  =  10000 

The  crystals  of  descloizite  are  exceptionally  fine  for  the  species. 
They  include  minute  crystals  mostly  of  a  red  to  reddish-orown 
color,  generally  united  in  groups  or  forming  incrustations ;  also  a 
larger  variety  up  to  8"'™  in  diameter  and  brownish-black  to  black 
in  color.  The  former  are  octahedral,  the  latter  rather  prismatic 
in  habit.  Careful  measurements  by  vom  Rath  go  to  prove  that 
the  gpecies  is  orthorhombic  in  form,  not  monoclinic  as  made  out  by 
ffebsky.  Several  analyses  of  the  different  varieties  conform  to 
the  generally  accepted  formula  for  the  species,  analogous  to  those 
of  aidamite,  libethenite  and  oliveuite.  lodyrite  also  occurs  with 
the  vanadates  at  the  Sierra  Grande  mine  in  sulphur-yellow  hexag- 
onal crystals,  or  in  crystalline  masses. — Amer.  Pkilosoph,  Soc.^ 
April  17,  1885. 

16.  Hardii,es8  of  tJie  Diamond, — At  a  recent  meeting  of  the 
New  York  Academy  of  Sciences,  Mr.  G.  F.  Kunz  called  attention 
to  some  experiments  made  by  the  Messrs.  Tiffany  upon  a  diamond 
of  extreme  nardn ess.  In  the  rough  state  it  had  a  rounded  form 
aud  was  of  composite  crystallization  ("  round  bort "). 

It  had  been  cut  into  the  rude  outline  form  of  a  brilliant,  and  its 
table  had  been  placed  on  a  diamond  polishing  wheel  for#100  days. 
The  average  circumference  of  that  part  of  the  wheel  on  which 
it  was  placed  being  about  2^  feet,  and  the  wheel  going  at  the  rate 
of  2,800  revolutions  per  minute,  the  surface  that  traveled  over  the 
diamond  table  amounted  to  over  75,000  miles.  At  times,  four 
and  eight  pounds  were  added  to  the  usual  2  J  to  2^^  pounds  of  the 
clamp  or  holder,  and  for  a  time  forty  pounds  extra  were  added, 
this  last  causing  the  wheel  to  throw  out  scintillations  for  several 

Am.  Jour.  Sci. — Third  Sbriiss,  Vol.  XXX,  No.  175,  July,  1885. 
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feet.  The  diamond  fairly  ploughed  the  wheel,  practically  ruininj 
it,  so  that  it  required  planing  before  it  ooula  be  further  usee 
No  polish  was  produced,  however,  sufficient  to  give  the  bril 
iancy  necessary  in  any  diamond  gem. 

17.-4  transparent  crystal  of  Microlite;  by  W.  E.  Hiddsi 
(Communicated.) — The  crystal  here  described  was  found  thn 
years  ago  in  the  mica  mine  near  Amelia  Court  House,  Aniel 
county,  Virginia,  (see  this  Journal  xxii,  82,  and  xxv,  336.  Th 
crystal  weighed  0*877  gram  and  showed  the  planes  O,  3-3,  t  ai 
1  about  equally  developed.  It  differed  from  others  found  at  ti 
locality  in  its  hyacinth-red  color,  in  its  perfect  transparency  ai 
high  specific  gravity,  viz:  6*13.  Duimington  obtamed  for  tl 
Amelia  microlite  5*66,  Shepard  for  that  of  Chestertiekl  5*56,  ai 
Nordenskjold  for  Ut6  crystals  5*26.  The  high  specific  gravity 
the  crystal  now  described  suggests  that  it  may  consist  moi 
largely  of  calcium  tantalate  and  less  of  the  columbate  than  tl 
others  that  have  been  examined.  The  perfect  transparency  an 
freedom  from  flaws  prompted  me  to  send  this  specimen  to  d 
lapidary.  The  result  was  a  gem  which  had  all  the  brilliaoc 
and  beauty  of  a  fine  hyacinth,  or  of  an  essonite  garnet. 

I  might  also  add  that  the  cabinet  of  Mr.  C.  S.  Bement  of  Phil 
delphia  contains  some  py rope-colored  microlites  from  the  san 
locality  of  nearly  one  centimeter  diameter,  emljedded  in  sracA 
quartz;  they  are  transparent  in  part  and  have  highly  poiishc 
planes.  They  were  at  first,  not  unnaturally,  mistaken  for  game 
by  the  finders. 

18.  Emeralds  from  North  Carolina^-^^v.  J.  A.  D.  StephensH 
of  Statesville,  N.  C,  in  a  recent  letter  to  the  editors,  calls  atte 
tion  to  the  fact  that  the  occurrence  of  emeralds  in  Alexand 
county,  announced  as  a  new  discovery  on  page  250  of  volume  xx 
of  this  Journal  (March,  1885),  was  the  same  as  that  which  h: 
been  already  described  on  page  153  of  volume  xxvii  (Februai 
1884). 

19.  Uranium  minerals  iti  the  lilack  HiUs — Mr.  L.  W.  Still w 
mentions  the  finding  of  pitchblende  and  uranium  mica  (probal 
autunite),  the  latter  as  a  thin  incrustation,  on  Bald  Mountain 
the  Black  Hills,  Dakota.     . 

III.    Botany  and  Zoology. 

1.  The  Woods  of  the  United  States^  with  an  account  of  th 
Stmeture^  Qualities^  and  Uses ;  hj  C  S.  SARGBmr.  New  Yo 
D.  Appleton  &  Co.  1885.  pp.  283,  8vo. — A  handy  volui 
prepared  especially  as  a  guide  to  the  magnificent  Jesup  coll 
tion  of  wood  in  the  American  Museum  of  Natural  History 
New  York.  The  matter  is  condensed  from  the  auttior^s  volu 
on  the  forest  wealth  of  the  United  States,  forming  the  ninth  \ 
ume  of  the  Tenth  IT.  S.  Census,  which  was  noticed  in  our  Mai 
number.  This  compact  and  cheap  volume  should  be  useful 
beyond  its  immediate  design,  ^^  q^ 


Botany  and  Zoology.  83 

2.  Eucaiypiogrnphia :  a  descriptive  Atlas  of  the  EuccUypta 
of  AtiMircUia  and  the  acffoininy  Islafuls ;  by  Bakon  Fbbd.  von 
MuiLLEB,  K.C.,  M.G.,  &  S.  Melbourne,  1879-1884,  4to.— The 
tenth  decade  of  this  great  work  and  the  one  hundred  plates 
besides  the  accessory  ones  having  now  been  completed,  the  inde- 
fatigable author  here  closes  the  volume,  giving  title  page,  dedica- 
toin  to  the  Prince  of  Wales,  some  general  remarks,  a  detailed 
ebaracter  to  the  genus,  a  synoptical  view  of  the  species,  a  geo- 
gnphio  schedule,  and  three  indexes.  Rut  the  undertaking  is  not 
jet  completed  to  the  author^s  satisfaction.  Twenty  or  thirty 
species  are  yet  to  be  illustnited,  none  of  them  common  or  of  known 
eeonomic  importance,  and  several  still  obscure  for  want  of  suffi- 
eient  mat^al.  These  Baron  Mueller  proposes  to  illustrate  in 
^at  least  two  more  decades;"  and  he  contemplates  even  a  revision 
of  the  main  body  of  the  work,  and  the  incorporation  of  i*ecently 
aocmed  material ;  so  that  a  second  volume  may  in  time  be  looked 
for.  The  courage,  perseverance,  and  public  spirit  of  the  author 
tre  much  to  be  admired.  What  an  immense  amount  of  work  he 
has  already  done  for  the  Australian  flora  !  a.  o. 

3.  Les  Organiemee  Problkmatiques  des  Anciennes  Mers;  par 
le  Marquis  de  Sapobta.  Pans  :  Masson,  1884.  pp.  93,  tab. 
IS,  imp.  4to. — This  follows  up  the  author's  Apropos  des  Alf/ues 
FbisileSy  in  an  equally  sumptuous  volume,  even  more  richly  illus- 
trated. Besides  the  13  plates  there  is  a  double  one  serving  as 
frontispiece,  representing  hUobites  prendo-furcifera^  of  the  natural 
siwof  the  specimen,  and  a  good  number  of  wood-cuts  in  the  letter- 
press. Four  of  the  plates  illustrate  fossilization  in  derai-relief  of 
Braehyphyllutn  and  Nymphceay  the  others  Gyrolithes^  VexiUum^ 
and  BUohiUSy — vestiges  of  problematical  forms  of  primordial 
seas,  which  in  the  letter-press  are  elaborately  ex|)Ounded.  He 
brings  new  evidence  and  considerations  to  show  that  these  are 
really  casts  of  organisms.  a.  g. 

4.  The  I/ythra^ecB  of  the  United  States;  by  E.  Kokiinr. 
Bot.  Oasette  for  May,  1885,  with  a  plate. — It  is  gratifying  to 
have  articles  from  European  botanists  of  mark  in  our  own  journals, 
and  Dr.  Koehne  (of  Berlin  and  Friedenau)  may  first  of  all  be 
oomplimented  for  his  idiomatic  English.  It  is  well-known  that 
be  has  made  an  exhaustive  study  of  the  LythrdcefB^  the  full  results 
of  which  appear  in  his  monograph  of  the  order  published  in  Eng- 
ler'g  Botanische  Jahrbucher.  Although  this  order  is  feebly  repre- 
itented  in  this  country,  yet  we  have  more  genera  and  species  than 
any  other  part  of  the  northern  temperate  zone,  and  there  was  a 
good  deal  to  be  done  for  the  elucidation  both  of  genera  and 
species.  The  present  article  summarily  presents  the  result  so  far 
aa  affects  North  American  botany,  and  its  publication  in  Coulter's 
Botanical  Gazette  renders  it  accessible  to  those  most  interested. 

As  to  the  propriety  of  re-establishing  the  Liiina^an  genus  Rotala 
(which  Bentham  had  referred  to  Animannia)^  we  could  not  now 
give  a  valuable  opinion.  Dr.  Koehne  says  that, "  it  will  be  rather 
oiffiealt,  I  fear,  to  convince   North  American  botanists  of   the 
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necessity  of  separating  the  genus  Rotcda  from  Ammnnnia  ;  for, 
unfortunately,  the  only  species  met  with  in  the  United  States  (i, 
ramosior  i.),  has  an  Ammannia-like  habit,  which  is  not  to  be 
observed  in  the  31  other  species  of  Rotala.^  Our  bias,  accord- 
ingly is  against  the  separation.  The  restoration  of  DidipUi  to 
Peplis  may  be  more  readily  acceded  to.  It  may  be  hoped  that 
the  species  of  Lythrum  are  well  discriminated,  also  the  genera 
Neamay  Heimiay  and  Decodon,  But  we  must  enter  a  proteel 
against  the  making  of  a  new  name,  Cuphea  petiolcUa^  Koehne,foi 
(J.  viscosissimay  Jacq.  It  legitimately  follows  from  the  Laws  ol 
Nomenclature  which  Dr.  Koehne  generally  adopts,  that  no  new 
name  should  be  made  when  there  is  already  a  fit  one,  that  thi 
earliest  name  under  the  proper  genus  should  stand,  notwithstand- 
ing any  older  specific  name  under  some  other  genus.  This  hat 
been  well  argued  by  Bcntham,  and  we  supposed  that  the  geft 
eral  practice  was  conforming  to  it.  a.  g. 

5.  Monographie  der  GaUung  Clematis  von  Dr.  Otto  Kuntu 
{SeparcUahzug  aus  den  VerhandL  Botan,  Vereins,  Brandenburg, 
XX vi.)  Berlin',  1885,  pp.  83-202,  8vo. — There  are  two  opporiu 
extremes  of  departure  from  the  LinniBan  idea  of  species  which  an 
exemplified  in  recent  phytography.  One  is  that  of  Gardoger 
who  multiplies  the  European  Roses  into  a  thousand  and  more  o! 
species.  Of  the  other  extreme  Dr.  Kuntze  is  a  type.  For  instance 
in  the  present  elaborate  essay,  he  reduces  ClenujUis  Virginiana 
ligiisticifolia^  Catesheyana  and  Thummondii  to  forms  of  C.  dio 
ica;  also  C,  reticulata  as  well  as  C.  coccinea  to  C  Vtoma^  addin] 
moreover  LavalliVs  C.  Sargentiy  which  belongs  to  C,  Pitehen 
which  again  is  referred  to  the  C,  cordata  of  Sims.  Then,  under  lb 
Old  World  C\  Viticella  he  assembles  C.crispa  and  C.  WdUeri^ewe 
under  the  same  subspecies,  and  will  still  have  it  that  the  eiToneou 
C\  crispa  of   DeCandolle,  which  he  well  refers  to  his  var.  Can 

paniflora  is  North  American  as  well  as  S.  European.  The  onl 
reason  for  so  attributing  it  is  that  it  has  been  cultivated  unde 
the  false  name  of  C,  crispa^  and  the  genuine  C.  crispa  L.  cam 
from  North  America.  Also  C  verticillaris  is  referred  to  ( 
alpina^  and  (7.  ochroleuca  as  well  as  C,  Fremontii  to  C.  int-egr 
folia  !  To  compensate  for  which  extraordinary  unions,  Dr.  Knnti 
has  made  a  new  species,  C.  pseudo-atragene,  of  part  of  the  Nort 
American  C,  alpina  of  our  botanists  (with  the  habitats  Oregoi 
Colorado,  New  York,  Canada,  and  with  a  var.  pseudo-alpina  fc 
Fendler's  New  Mexican  specimens),  while  he  gives  us  (7.  cdpim 
typica  from  Lyell's  and  Bourgeau's  collections.  a.  g. 

6.  Recherchea  Anatomiques  sur  lee  Organes  VegetcUifs  6 
P  Urtica  dioica  ;  par  A.  Gravis,  D.S.  Nat.,  etc.  Bruxelles,  188i 
pp.  256,  tab.  23,  4to. — One  of  the  Memoires  courronnes  of  th 
Koyal  Academy  of  Sciences  of  Belgium,  a  goodly  volume,  asi 
were,  devoted  to  the  anatomy  of  the  vegetative  organs  of  the  con 
mon  Nettle,  thus  taken  as  a  basis  for  a  general  and  comparatii 
study  of  the  Urticacece,  This  exhaustive  work  was  done  in  th 
botanical  laboratory  of  the  iacuVXi^  ol  ^\eTvt^«>  oi  xXv^VJwi^T^vt^* 
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IJlle,  ander  the  direction  of  Prof.  Bertrand,  and  in  the  new  l)otani- 
eil  institute  of  the  University  of  Li6ge,  directed  by  Prof.  Morren. 
The  intimate  structure  of  stem,  root  and  leaf  is  worked  out  and 
exemplified  under  all  roodiflcations  attendant  upon  age,  level  and 
biological  conditions,  and  the  importance  of  recognizing  these 
conditions  and  states  is  insisted  on.  This  treati»e  would  be  an  ex- 
cellent ocMfe  mteum  and  guide  for  any  student  who  wished 
to  undertake  serious  work  in  v^etablc  histology.  The  style  of 
eznontion  is  as  clear  as  are  the  illustrative  figures.  Perhaps  this 
is  because  it  is  French.  a.  o. 

7.  The  following  Catalogues  should  also  receive  notice  : 

A  n^itnmary  Lisiof  the  PtanU  of  New  Brunswick:  Com- 

E'lad  by  Rev.  Jambs  Fowlrb,  M.A.,  now  of  Queen's  College, 
iBgston,  Ontaria  Published  at  St.  John,  N.  B.,  1886. — l^ic 
stthor  has  aimed  '*  to  exclude  every  species  of  which  he  had  not 
Men  a  specimen";  and  this  gives  a  real  value  to  this  catalogue. 
Mmeover,  the  ballast-deposit  plants  and  those  just  escaping  from 
gsidens  are  wisely  placM  in  a  separate  list.  The  author  mod- 
eitly  calls  his  work  a  preliminary  list,  and  in  the  title  states  that 
it  was  compiled  ^  with  assistance  of  members  of  the  New  Bruns- 
wick Natural  History  Society."  He  is  one  of  the  best  and  most 
eooscientious  botanists  of  the  Dominion ;  and  this  list  has  partic- 
ilar  interest  in  relation  to  the  most  northern  limit  attained  by 
■any  United  States  species. 

CMck-iigi  of  North  Americcm  Oamopetake  from  Gray^s 
S^nopHeal  Flora ;  by  H.  N.  Patterson,  editor  and  printer. 
Oqnawka,  Illinois.— We  have  neglected  till  now  to  notice  this 
Mfttly  executed  pamphlet,  which  follows  the  same  author's  List 
of  North  American  PolypetalsB,  from  Watson's  Index.  Mr. 
Patterson  does  all  his  work  tastefully  and  well. 

Cheek-lUt  of  North  American  Mosses  and  Hepaticm ; 
wrranffed  from  Mosses  of  North  America  by  Lesquereux  and 
James  and  the  Descriptive  CaJtcUogue  of  Hepaticoe  by  Under- 
wod;  by  Clara  E.  Cumminos,  Wellesley  College.  An  indica- 
tioD  of  tne  increasing  interest  now  taken  in  Mosses  and  their 
lUies  through  the  facilities  supplied  by  the  two  works  from  which 
this  list  is  compiled. 

Catalogue  of  the  Phcenogamoits^  and  Vascular  Cryptog- 
emoiis  liants  of  North  America  ;  by  Dr.  J.  H.  Oystkr,  Paola, 
Kansss.  1885. — ^This  is  also  a  check-list  for  convenience  of  bot- 
anists in  making  exchanges.  The  species  are  numbered  in  succes- 
sion, and  run  up  to  9,750.  It  is  better  in  print  and  proof-reading 
than  would  be  expected.  There  is  evidently  a  considerable 
demand  for  such  lists,  and  the  supply  now  seems  adequate  to  the 
occasion.  .  a.  g. 

8.  Eggs  of  Echidna  hystrix. — ^The  discoveries  of  Dr.  IIaackk 
and  Mr.  Caldwell  are  briefly  mentioned  in  this  Journal,  vol. 
ixviii,  476,  and  xxix,  74.  Dr.  Haacke  gives  additional  results  in 
a  communication  of  January  8,  1885^  to  the  Royal  Society  of 
South  Australia.    He  states  that  the  egg  was  about  \5"^"^  ^^^% 
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and  IS'""*  wide,  and  it  bad  a  parchment-like  shell  like  thato 
many  reptiles,  which  was  ^"*"  thick.  He  inclines  to  the  opinioi 
of  Professor  Gegenbaur  (Morphologisches  Jahrbuch,  1884),  whi 
examined  two  adult  females  of  Echidna  setosa^  that  the  pouche 
are  periodically  developed ;  and  that  *'*'  the  pouch  attains  it 
greatest  development  during  the  time  it  serves  as  incubator  fo 
the  e^^^  and  that  it  consists  of  a  pair  of  semi- lunar  fossae  durinj 
the  period  the  mother  suckles  her  progeny,  disappearing  aftei 
wards  altogether." 

In  the  examination  in  September  of  two  male  EchidnsB  be  dis 
covered  "  the  unmistakable  homologue  of  the  mammary  gland  o 
the  female."  He  found  **in  situations  corresponding  to  those  ii 
the  female,  similar  tufts  of  short  hair  quite  as  plain  as  those  in 
dicative  of  the  mammary  areolae  in  the  female ;"  and,  on  skinninj 
the  animals,  the  rudimentary  mammary  glands  were  without  dij 
ficulty  discovered.  "  In  the  largest  of  the  two  specimens  the  om 
mammary  gland  forms  a  mass  about  S™'"  long  by  4"'°  wide,  thi 
lobules  being  about  2"""  long.  The  other  gland  is  a  little  larger 
The  glands  are  built  after  the  same  plan  as  the  female  glands 
and  contain  a  considerable  number  of  lobules."  Dr.  Haacke  adds; 
''In  conclusion,  I  should  not  forget  to  mention  that  I  am  aware o 
Mr.  W.  H.  Caldwell's  discovery  of  the  oviparity  of  the  Monotre 
mata,  made  about  the  same  time  as  it  seems  at  which  my  discov 
cry  was  made,  and  that  the  British  Association  at  their  Montrea 
meeting  received  the  information  of  Mr.  Caldwell's  discoverj 
about  the  same  date  at  which  my  Echidna  egg  was  exhibited  at 
a  meeting  of  the  Royal  Society  of  South  Australia.  But  this  'm 
all  I  know  at  present  about  Mr.  Caldwell's  discovery." 

IV.  Miscellaneous  Scientific  Intelligence. 

1.  Americaji  Philosophical  Society  of  Philadelphia. — Thii 
society,  whose  first  meeting  was  held  in  the  year  1 743,  has  pub 
lished  in  a  volume  of  876  pages,  the  early  correspondence  and  th( 
minutes  of  the  meetings,  from  the  year  1744  to  July,  1838,  a 
which  time  the  publication  of  the  "Proceedings"  heretofor 
printed,  began.  It  is  accompanied  with  copious  indexes.  Th« 
first  letter  with  regard  to  the  establishment  of  the  society  put 
lished  in  the  volume  is  by  Benjamin  Franklin,  bearing  the  dat 
April  6,  1744,  and  a  lithographic  fac-simile  of  it  makes  a  frontiJ 
piece  to  the  volume.  It  states  that  "  the  society,  as  far  as  relate 
to  Philadelphia,  is  actually  formed,  and  has  had  several  meetings  t 
mutual  satisfaction."  Tne  members,  as  stated  in  it,  were  **  D 
Thomas  Bond,  Mr.  John  Bartram,  Botanist,  Mr.  Thomas  Godfre; 
Mathematician,  Mr.  Samuel  Rhodes,  Mechanician,  Mr.  Wra.  Pa 
sons,  Geographer,  Dr.  Phineas  Bond,  General  Natural  Philosophe 
Mr.  Thomas  Hopkinson,  President,  Mr.  Wm.  Coleman,  Treasun 
B.  Franklin,  Secretary,"  to  whom  others  were  later  adde< 
The  expression  "  as  far  as  relates  to  Philadelphia  "  is  shown  afte 
ward  to  have  implied  that  the  OT\gvT\a\  «>Ci\v^rc!ife  \w  V\^^   ^^i».  \\ 
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fltablishmeDt  of  an  ^  American  Philosophioal  Society  "  with  one 
\i  its  component  societies  at  Philadelphia.  In  January,  1768, 
he  nnmber  of  members  was  about  fifty,  and  Mr.  Winthrop  of 
fanachasetts.  Dr.  Styles  of  Connecticut,  Hon.  Cadwalader  (yol- 
len  of  New  York,  Dr.  Lee  of  Virginia,  and  Dr.  Garden  of  South 
Carolina  were  made  Corresponding  Members. 
S.  Amerienn  AssocicUion  for  the  Advancement  of  Science, — 
rhe  next  meeting  of  the  American  Association — the  thirty-fourth 
-will  be  held  in  Ann  Arbor,  Michigan,  beginning  on  Wednesday, 
tSUi  of  August  The  circular  of  the  Local  Committee  states 
;bat  the  buildings  and  grounds  of  the  University  of  Michigan  will 
De  placed  at  the  disposal  of  the  Association  during  the  meeting. 
Anrangeroents  are  made  for  an  excursion  free  of  all  expense  to  the 
Saf(ioaw  Yalley,  and  another,  after  the  adjournment,  to  Detroit 
lad  Mackinaok  Island  and  return.  The  Secretary  of  the  local 
oommittee  of  arrangements  is  Professor  John  W.  Langley.  Mem- 
bers who  intend  to  be  present  are  desired  to  inform  the  Secretary 
in  advance  as  to  the  kind  of  accommodations  they  may  prefer,  in 
Older  that  arran^ments  may  be  made  accordingly.    The  Michi- 

Kn  Central  Railroad  will  probably  run  a  special  train  from 
iffiilo  to  Ann  Arbor,  leavmg  Buffalo,  on  Monday  morning, 
Aagnst  25th,  if  a  sufficient  number  of  members  signify  their  wish 
to  avail  themselves  of  it;  and  information  on  this  point  also 
should  be  sent  to  the  secretary.  This  train  will  stop,  if  the  party 
wish  to  do  so,  from  one  to  two  hours  at  the  Falls  view  Station, 
Niagara  Falls,  **  where  ample  facilities  for  visiting  the  Tails  will 
be  found." 

The  University  offers  its  apparatus  for  any  experimental  illus- 
iratioDs  that  may  require  it,  and  will  "  furnish  electricity  either 
from  a  dynamo,  from  a  storage  battery,  or  from  primary  ontteries 
38  may  be  needed  by  members  reading  papers  on  electrical 
sabjects. 

3.  Meteorological  Circular  Letter, — For  the  following  circu- 
lar letter,  this  Journal  is  indebted  to  General  Ilazen,  to  whom  it 
vu  addressed  by  the  International  Committee  of  Meteorology, 
St.  Petersburg  and  London,  May  1,  1885  ; — 

In  compliance  with  the  instructions  of  the  International  Con- 
gress on  Meteorology  at  Rome,  we  have  the  honor  to  inform  you 
that  the  International  Committee  on  Meteorology  instituted  by 
this  congress  will  meet  for  a  third  session  in  Pans  in  the  bcgin- 
nmg  of  the  coming  September  and  that  up  to  the  present  time  the 
following  questions  have  been  proposed  for  consideration  during 
this  session : 

(1)  Report  of  the  Secretary  on  the  labors  of  Uie  Committee  siuce  the  moeting  at 
Copenhagen. 

(2)  Report  of  Messrs.  Brito  CapoUo,  IlildcbruiKisKou  and  Loy  on  the  observation 
of  thedmuL 

(3)  Does  it  8eem  opportune  to  soon  convene  a  third  international  congress  of 
Meteorologists  ? 

(4)  Eetablishment  of  stations  of  the  Brst  order  on  the  Congo. 

(5)  Discussion  on  the  uiirilj^  ot  tho  .suniroaries  of  the  siaU)  of  l\\e  vj^oXVy^t  vvs. 
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published  in  the  different  countries,  and  eventual  preparation  of  plan  for  i 
uniformity. 

(6)  Discussion  of  the  utility  on  the  meteorological  telegrams  from  America 
posed  by  Mr.  (Greneral)  Hazen,  and  6f  an  eventual  organization  for  their  disti 
tion  in  Kurope. 

(7)  By  what  means  can  the  timely  receipt  of  meteorological  tolegram 
assured  ? 

(8)  Should  the  reduction  of  barometer  readings  to  gravity  under  45 ""  latitud 
generally  introduced? 

(9)  Is  it  desirable  to  count  also  in  Meteorology  the  hours  of  the  day  from  1 
to  24^  in  accordance  with  the  resolutions  of  the  international  conforoocc  in  W 
ington  ? 

(10)  Designation  for  a  uniformly  covered  sky  according  to  the  form  of 
clouds. 

(11)  Definition  of  rain  and  snow  days. 

(12)  Should  not  the  general  adoption  of  a  uniform  height  above  the  eartl 
rain-gauges  bo  recommended  ? 

(13)  What  progress  has  been  made  lately  in  the  more  exact  measuremci 
snow  ? 

(14)  International  Meteorological  tables. 

(16)  Modification  of  the  rudes  for  the  administration  of  tho  lutoruati 
Oommittee. 

In  case  you  intend  to  submit  to  the  Committee  remarks  on 
or  the  other  of  these  questions  we  request  that  you  will  pK 
address  them  in  good  time  to  Mr.  Robei*t  H,  Scott,  (Meteorol- 
cal  Office,  116  Victoria  street,  London). 

For  the  International  Committee  on  Meteorology. 

(Signed)  N.  Wild,  Pres.,  R.  H.  Scott,  i 

4.  Digestion  Experiments.  Note  to  the  Editors  by  H. 
Armsby. — After  the  proof  of  my  article  on  Digestion  Experinu 
in  the  May  number  of  this  Journal  (p.  365,  vol.  xxix)  had 
my  hands,  my  attention  was  called  to  the  fact  that  Dr.  E.  Lc 
Sturteva'nt.  Director  of  the  New  York  Agricultural  Experim 
Station,  had  published  a  preliminary  account  of  digestion  exp 
ments  made  at  that  institution  about  a  year  previously,  and  ab 
a  month  before  the  first  account  of  my  own  experiment  ' 
printed.  The  opening  sentences  of  my  article  should  theref 
be  modified  in  accordance  with  this  fact. 

5.  A  Catalogue  of  CJieniical  Periodicals;  by  II.  Cakking' 
Bolton,  Ph.D.,  Prof.  Chem.  Trinity  College,  Hartford,  Com 
This  valuable  catalogue  by  Professor  Bolton  is  published  in  vol 
of  tlie  Annals  of  the  New  York  Academy  of  Sciences,  pages 
to  2 1 6.  The  same  number  of  the  Annals  contains  a  paper  by  All 
R.  Leeds,  on  the  literature  of  ozone  and  peroxide  of  hydroj 
and  by  G.  N.  Lawrence  on  new  species  of  birds  of  the  Fami 
Tyrannidie,  Cypselidaj  and  Columbidju. 

0.  When  did  Life  Begiii;  a  monograph  by  G.  Hilton  Sc 
NKK.  04  pp.  8vo.  New  York,  1883.  (Charles  Scribner's  Sons 
Paradise  I^ound^  by  Wm.  F.  Waukkn,  President  of  Boston  1 
versity.  Third  edition,  496  pp.  8vo.  Boston,  1885.  (Hough 
MiiHin  &  Co.) — The  firet  of  these  works  aims  to  show  that  life, 
earliest  and  latest,  began  in  the  Arctic  region.  The  latter 
tains  the  polar  origin  of  man.  Both  are  too  far  within 
realms  of  speculation  for  furtbet  noV\ce  \\i  \XiV6  -^X^o.^. 
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Abt.  XII. —  Origin  of  Coral  Reefs  and  Islands;   by  James  D. 

Dana.     With  a  map  (Plate  II). 

The  Presidential  Address  of  Dr.  Archibald  Qeikie,  Di- 
fector-General  of  the  Geological  Survey  of  Great  Britain, 
before  the  Boyal  Physical  Society  of  Edinburgh  in  1883,* 
leriews  the  subject  of  the  origin  of  coral  reefs  and  islands.  In 
tiie  course  of  the  discussion,  the  author  sustains  and  enforces  the 
objections  which  have  been  presented  by  others,  and  concludes 
that  ^^  the  existence  of  such  reefs  is  no  more  necessarily  depen- 
dent on  subsidence  than  on  elevation."  The  existing  state  of 
doubt  on  the  question  has  led  the  writer  to  reconsider  the 
earlier  and  later  facts,  and  in  the  following  pages  he  gives  his 
results.^  That  both  sides  may  be  fairly  before  the  reader,  the 
views  of  Darwin  and  the  evidences  in  favor  of  his  theory  are 
first  considered,  and  afterwards  the  arguments  that  have  been 
urged  against  it.  Part  of  the  objections  are  based  on  misun- 
derstandings of  the  facts,  and  hence  a  general  presentation  of 
the  subject  has  been  thought  necessary. 

*Proo«ediDg8  Bdinlx  Roj.  Phil.  Soc,  viii,  1,  1S83. 

f  The  writer's  aooouot  of  his  original  obaervations  is  contained  in  his  Wilkes 
Expedition  Qeolog:ical  Report,  1849  (766  pp.  4to),  pages  29-154;  and,  less  com- 
pletelj,  along  with  a  review  of  facts  from  other  regions,  in  his  Corals  and  Coral 
IslmndA,  398  pp.  Svoy  1873,  1875. 
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Part  L — ^The  Darwinian  Theobt  and  its  Evidences. 

1.  According  to  the  Darwinian  theory,  islands  with  fringinj 
reefs  have  been  often  changed  through  a  slow  sabsidence  d 
the  region  into  islands  with  barrier  reera ;  and,  as  the  last  sam* 
mit  of  the  sinking  land  disappeared,  the  latter  have  become 
atolls,  that  is,  barrier  reefs  enclosing  simply  a  piece  of  the 
ocean  (or  a  lagoonV  Darwin  added  to  this  conclusion,  a  stconi^ 
in  view  of  the  wiae  distribution  of  atolls  and  their  relations  tc 
other  islands :  that  the  subsidence  indicated  involved  the  whole 
central  Pacific,  besides  other  large  areas.  He  also  expressed 
the  opinion  that  a  Pacific  continent  had  disappeared  tnrougb 
the  suDsidence.  The  proofs  of  the  first  and  the  second  con- 
clusions are  partly  diflFerent  and  should  not  be  confounded. 
The  third  is  no  necessary  part  of  the  general  theory,  was  not 
adopted  in  my  Eeport,  and  need  not  be  further  considered. 

2.  Darwin  did  not  hold  th;it  atolls  were  necessarily  evidence 
of  a  subsidence  now  in  progress,  but  allowed  that  in  some 
regions  they  may  have  reached  a  state  of  rest,  and  may  per 
haps  have  undergone  an  elevation  since  the  cessation  of  the 
subsidence  ;  and  also  that  subsidence  and  elevation  may  have 
alternated. 

8.  Darwin  found  what  he  believed  to  be  almost  certain  prooj 
of  subsidence  in  the  features  of  the  large  barrier-islands  and 
atolls.  He  perceived  in  the  rocky  islets  that  dot  the  great  in- 
terior lagoon-like  waters  of  the  Gambier  group,  Hogoleu,  and 
other  similar  barrier-islands  of  the  Pacific,  and  the  general 
resemblance  of  such  islands  to  atolls,  strong  evidence,  "  leav 
ing  scarcely  any  doubt  on  the  mind,"  that  the  islets  were  the 
emerged  points  of  sunken  lands  ;  that  such  barrier-islands  were 
no  less  lagoon  islands  than  Keeling  atoll  (the  atoll  which  he 
investigated);  and  if  evidence  of  subsidence,  the  atoll  wa^ 
proof  of  further  subsidence,  that  is,  one  that  had  continued  tc 
the  disappearance  of  the  sinking  peaks. 

The  evidence  which  had  satisfied  him  was  satisfactory  to  m< 
when  I  first  learned  of  his  views  in  Australia  (in  1839),  after  i 
cruise  among  the  Paumotu  atolls  and  the  Tahitian  and  Samoai 
reef-regions;  and  more  decidedly  so  later,  when  I  had  beei 
among  the  Friendly,  Feejee  and  other  Pacific  Islands. 

That  the  argument  may  be  appreciated  I  here  introduce  j 
map  of  the  eastern  half  of  the  Feejee  Archipelago.*  Severe 
of  the  great  barrier  reefs  in  this  map,  10  to  20  miles  in  lengtl: 
have  but  one  or  two  peaks  of  the  sunken  land  remaining 
Nanuku  has  but  one  little  point  near  its  southeastern  angle, 
mile  of  peak  within  a  barrier  island  200  square  miles  in  area 

*Beduc&d  from  the  general  map  of  the  archipelago  in  the  Atlas  of  the  Wilki 
Expedition. 
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Bacon's  Isles  are  the  last  two  little  peaks  of  a  still  larger 
lagoon  ;  and  besides  these  and  other  examples  of  disappearing 
lands,  a  dozen  of  the  easternmost  islands  are  actual  atolls — the 
last  peak  gone. 

4  To  this  the  chief  of  Darwin's  arguments  in  his  own  view, 
another  of  like  importance  is  added  in  my  Report:  the  exist- 
ence of  deep  fiord-like  indentations  in  the  rocky  coasts  of  island^ 
both  of  those  inside  of  barriers  and  those  not  bordered  by  reefs, 

Wnen  making  the  ascent  of  Mount  Aorai,  one  of  the  two 
high  summits  of  Tahiti  (September,  1889),  where  high  narrow 
ridges,  almost  like  a  knife-edge  along  their  tops,  alternating 
with  gorge-like  valleys  1000  to  8000  feet  deep,  radiate  from 
the  central  peaks  but  die  out  in  a  broad  even  plain  at  the 
shores,  I  was  made  to  appreciate  the  consequence  to  such  an 
eroded  land  of  a  partial  submergence.  At  any  level  above  500 
feet  its  erosion-made  valleys  would  produce  deep  bays,  and 
above  1000  feet,  fiord-like  bays,  with  the  ridges  spreading  out 
in  the  water  like  spider's  legs.  Observing  on  the  maps  of  the 
Marquesas  Islands  precisely  this  condition,  it  was  a  natural 
inference  that  the  lands  had  undergone  great  subsidence,  and 
perhaps  were  still  subsiding. 

With  this  criterion  of  subsidence  in  view,  the  evidence  from 
the  Gambier  and  Hogoleu  islands  is  doubled  in  force  :  and  that 
for  the  sinking  of  Baiatea  of  the  Tahiti  group,  represented  in 
fig.  3  of  the  plate  of  maps  in  Darwin's  Coral  Beefs,  is  as  strong 
from  each  of  the  two  enclosed  islands  as  it  is  from  the  great 
breadth  of  the  reef-grounds ;  and  the  same  is  true  for  Bolabola, 
another  Tahitian  island  on  the  plate. 

So  it  is  also  in  the  Feejees.  The  demonstration  as  to  subsi- 
dence in  the  large  barrier-island  called  the  Exploring  Isles,  for 
example,  is  made  complete  by  the  form  of  the  ridge  of  land 
along  one  side  of  the  great  barrier,  and  the  positions  of  adjoin- 
ing islets. 

5.  Th6  general  parallelism  between  the  trends  of  coral  islands 
and  the  courses  of  the  groups  of  which  they  are  a  part,  and  the 
courses  also  of  the  groups  of  high  islands  not  far  distant,  were 
regarded  by  Darwin  as  confirming  his  view  that  the  coral  islands 
were  once  high  islands  with  bordering  reefs. 

6.  Darwin  uses  also  the  argument  that  the  larger  coral  islands 
have  the  diversity  of  form  found  in  the  barrier  reefs  of  high 
islands  ;  and  also  that  thev  often  have  such  groupings  as  would 
come  from  the  sinking  of  a  large  island  of  ridges  and  peaks 
with  encircling  reefs.  He  describes  the  Maldives  as  one  ex- 
ample of  the  latter,  and  the  two  loops  of  Menchikoflf  island  in 
the  Caroline  archipelago,  as  another. 

7.  The  depth  of  lagoons,  and  of  the  channels  inside  of  large 
barrier  reefa,  afforded  him  f\iTl\ieT  eVidiexi^^  o\  «Q\«A'eswifc^'^ 
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leiDg  in  many  cases  two  to  three  times  greater  than  the  limit- 
Qg  depth  (120  feet)  of  living  reef-making  corala 

8.  The  great  depth  of  the  ocean  in  near  vicinity  to  the  atolls 
I  another  source  of  evidence  added. 

9.  He  urged  also,  in  supporting  his  views,  the  non-existence 
Q  the  ocean  now,  and  the  extreme  improbability  of  existence 
it  any  time,  of  submarine  volcanoes  or  chains  of  mountains 
lading  their  numerous  summits  within  a  hundred  feet  of  the 
(orfaK^ 

10.  Darwin  speaks  of  smallness  of  size  in  coral  islands  as 
\  retolt  of  continued  subsidence.  In  my  Report  I  base  an 
irgament  for  subsidence  on  smallness  in  the  proportion  of  dry 
land,  and  on  smallness  of  size,  when  there  is  gradation  toward 
ritber  condition,  and  the  seas  beyond  are  free  of  islands.  The 
bets  bear  on  the  general  conclusion  with  regard  to  a  Central* 
Pacific  area  of  subsidence  as  well  as  on  the  fundamental  point 
in  the  theory. 

If  an  atoll-reef  is  not  undergoing  subsidence  the  coral  and 
ihell  material  produced  that  is  not  lost  by  currents  serves :  (1)  to 
widen  the  reei ;  (2)  to  steepen,  as  a  consequence  of  the  widen- 
ing, the  upper  part  of  the  submarine  slopes ;  (8)  to  accumu- 
late, on  the  reef,  material  for  beaches  and  dry  land ;  and  (4)  to 
fill  the  lagoon. 

Bot  if,  while  subsidence  is  in  progress,  the  cootributions 
from  corals  and  shells  exceed  not  greatly  or  feebly  the  loss  by 
subsidence  and  current  waste,  the  atoll-reef,  unable  to  supply 
sufficient  debris  to  raise  the  reef  above  tide  level  by  making 
beaches  and  dry  land  accumulations,  would  (1)  remain  mostly 
a  bare  tide-washed  reef;  (2)  lose  in  diameter  or  size  because 
the  debris  that  is  not  used  to  keep  the  reef  at  tide-level  is  car- 
ried over  the  narrow  reef  to  the  lagoon  by  the  waves  whose 
throw  OQ  all  sides  is  shoreward  ;  (3)  lose  in  irregularity  of  out- 
line and  thus  approximate  toward  an  annular  form ;  (4)  lose 
the  channels  through  the  reef  into  the  lagoon  by  the  growth  of 
corals  and  by  consolidating  debris;  and  (5)  become  at  last  a 
small  bank  oi  reef-rock  with  a  half  obliterated  lagoon-basin. 

The  Pacific  contains  reefs  of  the  three  kinds :  (1)  atolls  with 
much  of  the  reef  under  trees  and  shrubbery ;  (2)  others,  of 
large  and  small  size,  with  the  reefs  mostly  or  wholly  tide- 
washed;  (8)  others  only  two  or  three  square  miles  in  area, 
without  lagoons.  Further,  the  kinds  are  generally  grouped 
separately  and  gradationally.  (1)  The  islands  of  the  Paumotu 
and  Gilbert  archipelagos  have  usually  half  or  more  of  the 
reef  dry  and  green ;  (2)  the  northern  Carolines  and  the 
northern  Marshall  Islands,  and  the  eastern  Feejees,  although 
in  part  of  large  size,  are  mostly  bare  reefs ;  while  (^3)  iVi^  \^Va.xida 
^/tbe  Phcenix  Group,  of  the  equatorial  Pacific  east  ol  x\i^\\xi^ 
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of  180®,  are,  with  one  exception  (Canton  or  Mary),  not  over 
four  miles  long.  The  three  more  southern  of  the  Phoeniz 
Islands  (see  Map,  Plate  II),  Gardner's,  Hull's  and  Sydney, 
between  4°  25'  S.  and  4**  35'  S.,  are  two  to  four  miles 
long  and  have  lagoons;  five,  including  Phoenix,  Bimie's  and 
Kean's,  between  3°  10'  S.  and  3**  30^  S.,  and  Howland  and 
Baker's  north  of  the  equator,  are  a  mile  and  a  half  and  leas 
in  length,  and  have  depressions  at  centre  but  no  lagoons.  The 
depressions  contain  guano,  and  one  of  them,  Kean^,  has  much 
eypsum  mixed  with  the  guano;*  Kean's  and  Phoenix  have  a 
foot  or  two  of  water  at  high  tide,  the  tide  rising  6  feet  Anotho^ 
of  the  number,  Enderbury's,  is  three  miles  long  and  has  a  half- 
dried  lagoon  which  is  very  shallow  and  has  no  growing  coral&f 
To  the  north  of  these  islands  for  fifteen  degrees  of  latitude,  the 
sea  is  an  open  one,  and  in  the  next  ten  degrees,  to  the  line  ol 
the  Hawaian  Chain,  the  only  islets  not  marked  doubtful  are 
'*  Coral  Reef,  Awash  "  and  Jonnston  Island. 

A  similar  gradation  in  size  takes  place  in  the  EUice,  Batack 
and  many  other  groups  of  the  ocean.     Smallness  of  size,  and 
dried  lagoon  basins,  with  occasionally  a  deposit  of  gypsum  from 
evaporated  sea- water,  are  just  the  result  that  should  haveoomei 
bj  the  Darwinian  theory,  from  subsidence;  and  gradation  in 
size  from  gradation  in  the  amount  of  subsidence.    The  positions  ^ 
of  the  Union,  Gilbert,  Batack  and  Balick  Groups  with  reference  ; 
to  the  Phoenix  Group  are  shown  on  the  Map,  Plate  IL     AH  of  \ 
the  islands  on  the  map  are  coral  islands,  and  nearly  all  atolk;  j 
and  the  part  of  the  encircling  reef  marked  by  fine  dots  is  ^ 
under  water  at  high  tide.  "^ 

Adopting  this  view  of  the  origin  of  these  smallest  of  coral- 
made  islands,  I  readily  accepted  Darwin's  second  conclasioQ 
as  to  a  great  central  oceanic  area  of  subsidence  The  farther  - 
inference,  also,  was  deduced,  for  reasons  stated  in  my  Beport, 
that  the  greatest  amount  of  subsidence  took  place  along  a  belt 
stretching  southeastward  from  the  southern  half  of  Japan  and 
passing  south  of  the  Marquesas  Group  toward  Easter  Island, 
and  a  line  was  drawn  on  a  map  among  its  illustrations  reprint- 
ing the  course  of  ^*  the  axial  line  of  greatest  depression.  '^ 

*  J.  D.  Hague,  Amer.  Jour.  ScL,  II,  xxxiv,  242.  Mr.  Hague,  in  hiB  yaluftble 
paper  on  the  Guano  Islands  of  the  Central  Pacific,  mentions  the  existence  of  a  bed 
of  gypsum  two  feet  thick  under  the  guano  of  Jarvis  Island,  another  small  eqnir 
torml  island,  eleven  degrees  east  of  the  Phoenix  Group. 

f  Baker's  Island  has  a  height  of  22  feet  according  to  Mr.  Hague,  ehowing,  h» 
sajs,  some  evidence  of  elevation;  and  Enderbury's  I  found  to  be  18  feet  is 
height,  from  which  I  inferred  some  elevation.  But  Howland's,  Bimie's,  McKetn'ii 
Phoenix,  Gardner's,  Hull's  and  Sydney  are  not  higher  than  ordinary  atoUs  would 
be  in  a  sea  of  6-foot  tide. 

The  facts  with  regard  to  the  "  Reef  "  on  the  map,  in  long.  176*  W.  and  lat» 
2"  40^  8. f  I  have  been  unable  to  lean\. 
/  Reportf  pp,  399  and  432,  and  map  betwwxi^ttL^^^  wA^. 
This  line  ia  reproduced  on  a  chart  oi  \ii©  ^otV^  Vsi  mi  U«dx«^  ^\  ^^w5«*5i'. 
where  it  ia  lettered  A'  A'. 
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These  dedactions  have  been  apparently  sustained  by  the 
)andiD^  of  the  Toscarora  and  Challenger  in  1874,  1875  and 
876.  The  soundings  of  the  Tuscarora  through  the  Phoenix 
froup  in  1876,  on  its  route  from  the  Sandwich  Islands  to  the 
'eejees  (under  the  command  of  J.  N.  Miller,  U.  S.  N.,  by  the 
rder  of  the  TJ.  S.  Hydrographic  Bureau),  are  shown  5n  the 
lip  of  the  central  Pacific  herewith  published  (Plate  II). 

The  sounding  about  these  islands  prove  f  1)  that  the  islands 
re  situated  within  the  deep  3,000-4, 000-iathom  area  of  the 
oean ;  and  appear  to  indicate  also  (2)  that  along  lines  traTis- 
tnt  to  the  trend  of  the  islands  (or  to  the  direction  of  trend  in 
idler  groups  to  the  west),  mean  submarine  slopes  of  1:1*5  to 
.: 7 exist;  while  in  the  direction  of  the  trend,  the  slopes  are 
DQch  leas.  The  slope  of  1 :1'5,  or  that  of  the  angle  83^  41^  is 
nirly  the  maximum  slope  of  the  sides  of  Ootopaxi,  Mt.  Shasta 
md  several  other  volcanic  summits  of  Western  America. 

The  facts  are  these. 

Halfway  between  Sydney  and  Birnie's  islands,  60  English 
niles  apart,  a  depth  of  3000  fathoms  (18,000  feet),  was  found. 
Off  Enderbury's  Island  (40  miles  northeast  of  Birnie's),  (1)  a 
leptb  of  2835  fathoms  was  obtained  20  miles  to  the  southwest ; 
;2)  of  880  fathoms  1\  miles  to  the  southwest ;  (3)  of  1991 
itboms  3  miles  to  the  northeast ;  and  (4)  of  2870  fathoms,  11 
niles  to  the  northeast.  The  mean  slopes  to  the  southwest,  cal- 
liated  from  the  soundings  1  and  2  are  1:6  and  1:3;  and  to 
he  northeast,  from  3  and  4,  1 :  1*5  and  1 : 4,  fourteen  miles 
oatbdos^  of  Hull's  Island,  at  right  angles  to  the  above  direc- 
ioD,  a  depth  of  935  fathoms  was  found,  which  gives  the  slope 

:13. 

Farther  evidence  as  to  the  submarine  slopes  about  equatorial 
oral-reef  islands  is  afforded  by  soundings  made  under  the  di- 
ection  of  the  British  Admiralty,  near  the  very  small  Swain's 
sland,  at  the  south  end  of  the  Union  Group  (see  map) ;  and 
others,  by  the  Tuscarora  under  Commander  Miller,  in  1876, 
lear  the  Danger  Islands,  about  five  degrees  east  of  Swain's. 
)ff  Swain's  Island,  two  soundings,  one  south  of  it  and  the  other 
ast,  (the  two  directions  at  right  angles  to  one  another  and  the 
alter  not  diverging  far  from  the  trend  of  the  other  islands  of 
he  Union  Group),  give  the  slopes  1 : 7  and  1 :  13.  Off  Danger 
aland,  as  Commander  Miller's  lleport  states,*  the  depth  of  660 
athoms  was  obtained  half  a  mile  (nautical)  off  the  southwest  cor- 
ler  of  the  reef  near  Southeast  island,  and  985  fathoms  one  mile 
last  of  the  reef, — corresponding  to  slopes  1 : 1  and  1 :  0*75.  1 : 1  is 
I  steeper  slope  than  occurs  even  in  small  dry-made  cinder  cones ; 
md  1 :  0-75  (53°  8')  is  steeper  still. 

*  I  am  indebted  Tot  the  aouad'mga  ahoui  Danger  Islands  to  ConnnciTi^er  3.  '^. 
'art/fiit.  SnperiDteDdent  of  the  U.  S.  Hjd rographical  Bureau. 
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The  above  facts  are  safficient  to  authorize  the  drawing  of  tl 
batbymetric  lines  for  1000,  2000  and  8000  fathoms  pa 
closely  about  the  islands  of  the  Phoenix  Group,  and  to  give  tt 
areas  a  northwest-southeast  elongation,  corresponding  wii 
that  of  the  neighboring  Pacific  islands  to  the  west,  as  on  tl 
aocompanjine  map,  Plate  IL* 

It  follows  from  the  above  mentioned  facts  that  the  deep-watK 
areas  adjoining  the  Phcenix  Group,  named  provisionally  I 
Petermannf  the  "Hilgard  depths"  and  the  "  Miller  depths,"  ai 
parts  of  one  large  area  1200  miles  broad.  The  greatest  dept 
obtained  in  the  part  of  the  area  southwest  of  the  group  (4( 
miles  broad)  is  8305  fathoms,  and  in  the  part  northeast,  34^ 
fathoms. 

Again :  the  soundinss  of  the  Tuscarora  of  1875  here  citd 
taken  in  connection  witn  those  of  the  same  vessel  in  1874,  und< 
Commander  George  F.  Belknap,  along  a  line  from  the  Sandwic 
Islands  westward  to  Japan  (mostly  between  the  parallels  of  2( 
and  25^),  suggest  the  further  conclusion :  that  the  deep-sea  areai 
the  central  equatorial  Pacific,  in  which  the  Phcenix  Islands  stanc 
extends  northwestward  toward  Japan,  and  that  it  was  crossed  b 
the  Tuscarora  between  171°  E.  and  150®  E,  where  were  foun 
depths  from  3009  to  3273  fathoms  (with  some  alternations  < 
smaller  depths  that  isolated  areas  may  account  for).  It  is  alf 
probable  that  the  soundings  of  the  Challenger  east  of  Japan  b 
tween  153°  E.  and  148°  E.  and  just  northwest  of  those  of  tl 
Tuscarora,  were  within  the  same  deep-sea  area.  If  this  be  so, 
long  deep-water  area  or  trough  extends  from  Japan  southeas 

*  The  line  od  the  map  for  1000  fathoms  is  a  simple  dotted  line ;  that  for  20 
fathoms, ;  for  3,000  fathoms, . 

f  Geogr.  Mittheil.,  1877,  page  125  and  plate  7.  The  deep  areas  along  the  lis 
of  soundings,  were  named  by  Petermann  on  his  verj  valuable  bathymetric  m 
of  the  Pacific  simply  to  facilitate  reference. 

The  bathymetric  lines  about  the  islands,  on  the  acoompanying  map,  Pli 
II,  have  an  unreasonable  degree  of  regularity.  But  with  no  facts  to  india 
the  actual  irregularities,  none  could  be  reasonably  introduced.  The  tren 
given  them  are  the  same  as  on  Petermann's  map.  The  actual  steepness  of  slo 
is  probably  not  exaggerated  for  either  of  the  islands.  If  similar  slopes  c 
ist  about  the  smaller  islands  in  other  parts  of  the  ocean,  the  final  batbymeti 
map  of  the  Pacific  will  have  a  very  different  aspect  from  that  presented  by  t 
maps  hitherto  published,  and  the  Central  Pacific  a  much  greater  mean  dept 
About  Wakes  Island,  a  small  atoll  in  latitude  19°  11^  standing  alone  in  the  ocei 
six  degrees  north  of  the  Ralick  Chain,  the  width  of  the  area  enclosed  by  the  20* 
fathom  line,  as  drawn  on  Petermann's  bathymetric  map,  is  nearly  100  nautic 
miles,  while,  in  view  of  facts  at  the  Phcenix  Oroup,  the  actual  width  is  probab 
not  over  10  or  15  miles. 

With  but  four  lines  of  soundings  for  the  part  of  the  great  Pacific  0c«t 
within  35  degrees  of  the  equator,  the  author  of  a  bathymetric  map  has  to  re 
chiefiy  on  his  judgment  or  conjecture  for  the  larger  part  of  the  surface.  The 
are  many  great  problems  in  physical,  geological  and  biological  science  that  won 
be  elucidated  by  the  facts  which  a  thorough  bathymetric  survey  of  the  ocean  wou 
afford ;  and  the  work  is  large  and  important  enough  to  call  for  aid  from  each 
tte  great  DationB  of  the  world.  Thu«  tar,  lor  \h<e  'P%^\^^  0<:)&vcv^>^<^  T^t^sM^^^ 
is  Arst  ia  the  amount  of  work  done. 
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ward  through  the  Central  Pacific,  oonforming  well  to  the 
foggestion  of  the  Darwinian  theory;  and  corresponding  in 
direction  approximatelj  to  the  "axial  line  of  greatest  depres- 
0on  "  referred  to  above— the  line  AA  on  the  accompanying  map. 

As  rq^ards  the  rest  of  the  Central  Pacific  between  the  above 
dsfioed  8,00&-4,000-fathom  belt  and  the  Hawaian  chain,  the 
depths  soanded  bj  the  Tuscarora  are,  with  few  exceptions,  over 
S400  fathoms ;  two-thirds  of  them  are  over  2750  fiithoms,  and 
t  fifth  (out  of  the  fifty-five  in  this  area)  over  8000.* 

IL  Since  a  fringing  reef  is,  by  the  theory  of  Darwin,  the  first 
Ito^  in  the  origin  of  an  atoll,  it  was  naturally  regarded  by  him 
ti,  m  genial,  evidence  of  little  or  no  subsidence,  and  even,  at 
times,  of  elevation.  But  since  (1)  bold  shores  are  an  occasion 
for  narrow  ree£i  and  for  their  absence ;  (2)  submarine  volcanic 
disturbances  and  eruptions  about  volcanic  lands  would  destroy 
living  reefs,  or  retaro  their  progress  where  begun  ;  (8)  islands 
of  active  volcanoes  have  small  or  no  ree& ;  and  (4)  abrupt  sub- 
lideiioes  of  only  120  feet  would  put  reef  corals  below  a  surviv- 
ing depth  and  so  lead  to  the  beginning  of  a  new  reef,  I  was  led 
to  regard  the  evidence  from  a  fringing  reef  for  no,  or  little,  change 
of  level,  as  of  very  doubtful  value.  But  the  doubts,  while 
making  such  evidence  generally  useless,  do  not  afiect  the  value 
of  the  preceding  arguments  for  subsidence.  Darwin  used  the 
endence  from  f nnging  reefs  only  to  mark  off  the  limits  of  the 
ana  of  Central -Pacific  subsidence  to  which  his  coral-island 
dieory  had  led  him  ;  and  the  same  limits  essentially  are  reached 
notwithstanding  the  doubt.  Instead  of  concluding  that  the 
region  along  these  limits  was  one  of  recent  elevation  or  at  least 

*Tbe  same  two  lines  of  soundings  bj  the  Tusearon  suggest  the  existence  of 
a  Ncond  long  deep-sea  belt  or  trough  in  the  Central  Pacific  just  south  of  the 
Havaian  chain.  This  supposed  troufrh  was  crossed  by  this  yessel  in  1876  between 
the  parallels  of  13*"  N.  and  18*  N.  ("  Belknap  depths"),  and  in  1874  between  the 
Beridjans  of  I72i<>  W.  and  177^  W.  (the  '*  Ammen  depths");  the  greatest  depth 
fooDd  on  the  former  line  is  3126  fathoms,  and  on  the  latter  3106  fathoms. 
Should  the  existence  of  these  two  troughs  be  sustained,  the  region  between  ^em 
■onldbe  a  Oentral-Pacific  plateau;  having  in  it,  along  the  1876  line  of  sound- 
iogi,  depths  of  2972  to  1326  fathoms,  and  along  that  of  1874,  depths  of  2836  to 
1108  fttboms;  the  shallower  portion  is  near  the  middle  of  each  line  of  soundings, 
bti  a  great  descent  (6,000  to  9,000  feet)  on  either  side — suggesting  the  idea 
oft  central  ridge.  Over  this  plateau-area,  there  are,  south  of  the  Hawaian  chain, 
tvo  or  three  small  coral  islands,  and  farther  eastward,  the  Palmyra,  Kingman, 
WaduBgton,  Fanning  and  Christmas  reefs  aud  islands  which,  although  coral 
itnictures,  make  the  idea  of  a  central  ridge  in  this  part  for  600  miles  almost  a 
mtnifeit  fact  Farther  east,  the  Marquesas  islands  are  in  the  same  range.  The 
deep  belt  lying  on  the  south  side  of  the  plateau  diminishes  in  depth  to  the  east- 
waitl,  the  Challenger  soundings  from  the  Sandwich  Islands  to  Tahiti  finding  no 
depth  in  the  coarse  of  this  belt  greater  than  2760  fathoms;  but  the  belt  on  its 
north  side  may  continue  eastward  of  the  (Challenger  route.  Many  more  lines  of 
aoandings  are  needed  to  substitute  sure  conclusions  for  the  above  suggestions. 

The  existence  in  the  ocean  of  parallel  belts  of  deeper  and  shallower  waters, 
nch  as  are  here  inferred  to  exist,  and  such  as  are  actually  indicated  by  the  parallel 
hottafhigh  iaJandB  sad  atoIU,  ia  in  accordance  with  the  facta  over  tYie  C0Tv\AXi«TiXa. 
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of  no  subsidence,  I  was  led  to  speak  of  it  as  one  either  of  no 
subsidence  or  of  less  subsidence  than  over  the  central  area  re- 
ferred  to.    The  difference  between  us  is  small. 

12.  The  true  value  of  fringing  reefs  as  evidence  in  the  question 
of  change  of  level  should  be  appreciated  in  this  discussion,  as  is 
apparent  from  the  objections  to  Darwin's  theory  which  have 
been  urged  ;  and  I  mention  a  few  facts  from  the  Pacific  islands 
in  its  elucidation. 

On  Darwin's  map,  the  Marquesas  group  is  left  uncolored^ 
which  means  doubtful  as  to  subsidence  or  not.  The  Tahitian 
group  (Society  Islands)  is  colored  blue,  that  is,  it  is  included 
within  the  area  of  coral-reef  subsidence.  The  Navigator  or 
Samoan  Islands  are  colored  red,  or  placed  in  the  area  of  eleva- 
tion ;  the  Feejees,  blue ;  the  Saudwich  Islands,  red.  The 
facts  are  these. 

The  Marquesas  Islands  are  an  example  of  absence  of  ree&  to 
a  large  extent  with  only  small  reeib  where  any.  But  the 
shores  are  mostly  too  bold  for  ree& ;  and  hence  their  smallness 
bears  no  testimony  as  to  elevation.  Along  the  bold  shores, 
there  are  deep  indentations  and  fiord-like  bays  separated  in 
some  cases  by  narrow  ridges  sometimes  in  spider-leg  style;  so 
that  the  proof  of  subsidence  is  positive,  as  explained  in  §4. 

Tahiti  presents  none  of  the  Marquesan  evidence  of  subsidence. 
Its  erosion-made  valleys,  as  already  explained,  die  out  at  the 
broad  shore  plain,  and  the  island  is  comparatively  even  in  out- 
line. I  found  over  it,  like  Darwin  before  me,  no  evidence  of 
elevation  beyond  one  or  two  feet  at  the  most  It  has  broad 
reefs ;  and  the  channel  inside  the  barriers  between  Papieti  and 
Toanoa  (2  miles)  has  a  depth  of  3  to  25  fathoms.  From  the 
width  of  the  reef,  and  the  slope  (6  to  8  degrees^  of  the  land  and  of 
the  lava  streams  outcropping  in  the  sides  of  the  valleys,  suppos- 
ing this  slope  to  be  continued  under  water,  I  made  the  proba- 
ble subsidence  250  or  300  feet.  A  slope  of  6  degrees,  and  a 
width  of  reef  of  half  a  mile,  gives  240  feet  for  the  depth  of  the 
reef  at  the  outer  edge. 

The  Samoan  (or  Navigator  group)  includes  (beginning  at 
the  east)  Bose  Island  (an  atoll),  Manua,  Tutuila,  Upolu  and 
Savaii. 

Manua  has  bold  shores,  a  height  of  2500  feet,  and  a  narrow 
reef  where  any.*  Tutuila  is  of  the  Marquesan  type  in  its  bold 
indented  sides  and  this  suggests  a  probable  subsidence.     Pango* 

*  With  regard  to  Manua,  Mr.  J.  P.  Couthouy,  of  the  Wilkes  Exploring  Kzpedition 
for  two-thirds  of  its  cniise,  in  his  paper  on  Coral  Formations  (p.  60  of  Proc.  Boat. 
Soc.  Nat.  Hist.,  Jan.  1 842)  reported  the  oocurrence  of  fragments  of  corals  at  t 
height  of  80  feet  *'  on  a  steep  hill-side  rising  half  a  mile  inland  from  a  low  sandj 
plain."  I  was  not  on  Manua.  I  found  on  Upolu  fragments  of  coral  limestone 
and  shells  in  the  tufa  of  a  tufa  cone  at  a  height  of  200  feet,  which  had  evidentlj 
been  carried  up  by  the  erupting  action  o^  a  E^i^^xV^  «Q^ycft«^^  -swjX.  ^v^^ 
p.  328.)    The  /acts  on  Manua  need  lurt^et  «X>i^7. 


/•  2>.  Dana — Origin  of  Coral  JSeefs  and  Islands.       99 

pango  Bay,  in  which  we  anchored  in  174  feet  water,  has  a  length 
of  three  miles.  The  coral  reefs  are  of  the  Jringing  kind  where 
any  occur.  Upolu,  a  few  miles  west,  has  bold  shores  and 
small  or  no  ree&  for  fifteen  miles  of  its  north  shore,  east  of 
its  middle ;  bat  elsewhere  there  are  broad  reefs — mostly  0000 
to  8000  feet  in  width — and  a  very  eentle  slope  (three  to 
di  d^rees)  in  the  land  above — wnich  is  about  the  slope 
of  its  underlying  lava  streams.  The  great  width  of  the 
reef  seemed  to  be  evidence  of  subsidence.  But  the  absence 
on  the  north  side  of  the  island  of  a  channel  in  the  reef 
deep  enough  for  any  craft  larger  than  canoes  made  it  es- 
seDtially  a  great  fringing  reef.  A  calculation  from  the  width 
and  land-slope  gave  about  260  feet  for  subsidence ;  but  I  add 
(on  page  832  of  my  Beport)  my  doubt  as  to  any  subsidence. 
The  (acts  known  are  against  any  elevation. 

Savaii,  the  largest  island  of  the  group,  is  a  gently  sloping 
Tolcanic  mountain,  much  like  its  name-sake,  Hawaii,  in  its 
features,  with  lavas  looking  as  if  not  long  out  of  the  fire.  It  has 
a  broad  reef  for  only  6  or  7  miles  of  its  east  shore  ;  elsewhere 
OD  the  east  and  northeast  sides  the  reefs  are  fringing  or  want- 
ing ;  and  on  the  southern  and  western  sides  mostly  aosent.  No 
evidence  of  elevation,  and  nothing  certain  as  to  subsidence,  has 
been  reported  from  the  island.  * 

The  large  Feejee  Group  bears  abundant  evidence  of  subsi- 
dence in  its  very  broad  reef-grounds,  barrier  islands,  and  atolls. 
Fringing  reefs,  or  barriers  with  very  narrow  channels,  occur 
about  some  of  the  islands  of  the  group ;  but  in  view  of  the 
&cts  that  have  been  stated,  these  are  useless  as  evidence  either 
way. 

Thus  the  conclusions  as  to  the  changes  of  level  about  these 
large  Pacific  groups  south  of  the  equator  are  not  far  from  Dar- 
win's, although  fringing  reefs  and  the  volcanic  character  of  the 
islands  are  thrown  out  of  consideration,  and  other  conditions 
exist  of  varied  interpretation. 

But  cases  of  actual  elevation  occur  in  the  Central  Pacific 
about  several  smaller  islands  as  proved  by  elevated  coral  reefs. 
These  occur  in  the  Austral  and  Hervey  Islands  south  and 
southeast  of  Tahiti,  and  in  the  Tonga  or  Friendly  Islands.  In 
none  of  these,  however,  thus  far  reported  is  the  elevation  over 
300  feet:  and  the  amount  varies  greatly  in  adjoining  islands  of 
ihe  same  group,  some  affording  proof  of  no  elevation.  Hence 
only  local  changes  of  level,  not  a  general  elevation,  can  be  in- 
ferred. ' 

To  the  north  of  the  equator  at  the  Sandwich  Islands  some 
elevated  reefs  occur.  But  the  amount  of  elevation  is  small  and 
is  not  general  in  the  group.  Moreover,  the  reefs  are  small, 
rliere  any  occurs  and  the  largest  island  of  the  claain,  NoVc^^xix^ 
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Hawaii,  the  easternmost,  is  mostly  without  reefs,  as  well  as  the 
lareer  of  the  westernmost  islands,  Kauai,  which  has  parti;  bold 
and  indented  shores. 

13.  To  give  a  more  adequate  view  of  the  changes  of  level,  or 
the  evidences  bearing  on  tne  subject,  along  the  **  limits  "  of  the 
central  area  of  subsidence,  I  mention  some  additional  facts. 

Tahiti  is  the  large  eastern  island  of  the  Tahitian  Group.  To 
the  toestioardj  the  islands  (1)  decrease  in  size ;  (2)  increase  great* 
ly  in  relative  breadth  of  reef -grounds ;  (3)  become  deeply 
indented  in  shores,  as  explained;  and  (4)  include  an  atoll, 
Tubuai,  as  one  of  the  last  two  of  the  chain.  While  the  reef  ol 
Tahiti  proves  little  subsidence  at  that  end  of  the  group,  and  iti 
reefs  and  channels  are  extensive  enough  to  make  the  proof 
good,  the  other  islands  indicate,  on  the  Darwinian  theory,  that  the 
subsidence  increased  much  in  amount  westward.  The  western 
end  of  the  chain  is  about  a  degree  nearer  the  equator  than  the 
eastern. 

In  the  Samoan  Islands,  the  largest  island,  Savaii,  is  the  west* 
ernmost ;  and  from  there  the  islands  decrease  in  size  eastward 
and  end  in  an  atoll,  Bose  Island.  The  group  is  like  Tahiti  in 
gradation  as  to  increase  of  subsidence,  but  the  direction  is  the 
reverse ;  and  this  fact  points  apparently  to  a  much  deeper  area 
between  them.*  Moreover,  although  such  broad  barrier  reefeai 
those  of  Baiatea  and  Bolabola  do  not  occur  in  the  Samoan 
group,  bold  shores  do  in  Tutuila  and  Manua,  and  indicate  the 
participation  of  these  islands  in  the  subsidence,  notwithstand- 
ing their  contracted  reefs.  .  Further,  the  reef  of  Upola  ia 
broad  enough  to  be  proof  of  little  change  in  the  region  of  that 
island ;  and  there  was  little,  probably,  at  Savaii,  the  larger 
island  west  of  it.  The  evidence  of  increased  subsidence  to  (hi 
eastward  is  strong,  and  narrowness  of  reef  is  no  objection  to  it 

At  the  Sandwich  Islands  the  case  is  similar  and  yet  different; 
similar  in  the  fact  that  the  largest  island  of  the  chain,  Hawaii, 
makes  one  of  its  extremities,  the  eastern,  and  a  series  of  coral 
islands  the  other — the  whole  length  being  2,000  miles;  but 
diflFerent  in  that  no  great  reef  exists  about  the  shores  of  either  of 
the  eastern  islands  to  prove  that  the  subsidence  there  was  small 
or  none.  The  elevated  reefs  are  only  a  local  phenomenon,  and 
do  not  prove  the  absence  of  subsidence  during  the  era  preced- 
ing the  elevation. 

But  we  have  other  evidence  of  importance  derived  from 
soundings  about  the  group  by  the  Challenger  in  1875  and  the 
Tuscarora  in  1874,  1875.  These  soundings  show  that  the  deep- 
sea  area  of  8,000  to  4,000  fathoms  comes  up  quite  closely  about 
the  eastern  end  of  the  chain.     It  was  founa  within  300  miles  of 

*Tb0  dietanoe  between  the  remole  exUernVtiQi^  ol  >^«iib\.^^  \^«^^  *\^  \^»u}^ 
2,000  mileSf  and  the  interval  between  lYne  XLeaiei,  o^^i  ^^^  TBaa^. 
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theastern  Hawaii  and  260  of  southwestern,  and  within  80  miles 
northeastern  Oahn;  and  a  soanding  bat  126  fathoms  less 
D  S,000  was  obtained  by  the  Challenger  within  40  miles  of 
tern  Hawaii  (or  hidf  its  diameter).  To  the  westward,  along  the 
th  side  of  the  chain,  the  deep-sea  area  appears  to  be  two  or 
ee  times  more  distant,  acoorciing  to  the  Challenger  resnlts ; 
I  condition  on  the  sonth  side  is  uncertain.  It  would  seem 
m  the  great  depth  near  Hawaii,  that  the  region  of  this  great 
md,  alUiongh  it  is  now  actively  volcanic  And  has  liUle  growing 
il  aboat  it,  had  undergone  more  subsidence  than  the  coral 
f  end  of  the  chain,  and  that  its  height  and  steepness  of  sub- 
line slopes  are  due  to  the  fact  that  its  outflows  of  lava  have 
Dt  ahead  of  the  subsidence,  and  also  built  up  nearly  14,000 
t  above  the  sea. 

rhis  height  is  large,  but  the  mean  pitch  of  the  sides  of  the 
bmic  mountains  of  the  island  is  between  6^  and  V  46^  and 
2ce  it  is  only  the  height  which  successive  outflows  should 
re  produced  over  a  vent  at  the  sea-level ;  and  it  may  be  that 
\  accumulation  above  tide  level  has  been  made  since  the  sup- 
led  subsidence  ceased.      The  depth  of  2,876  fathoms  found 

the  Challenger  40  miles  east  of  Hawaii  shows  a  mean  sub- 
line slope  to  that  point  of  4^  30',  as  if  here  also  was  a  slope 
ide  by  flowing  lava.  But  more  soundings  are  needed  to 
)ve  that  the  slope  is  a  gradual  one. 

14.  The  facts  reviewed  show  the  uncertainty  of  evidence  as  to 
de  or  no  subsidence,  or  as  to  recent  elevation,  from  (1)  nar- 
w  reeb,  or  from  (2)  the  volcanic  character  of  islands,  and  leave 
(touched  the  evidence  of  actual  subsidence  from  the  features 

barrier  and  atoll  reefs  and  from  deeply  indented  coasts. 
16.  After  the  above  considerations,  it  is  clear  that  the  theory 
subsidence  meets  well  the  facts  as  to  the  varying  extent  of  reef 
dong  reef-bordered  high  islands.   According  to  it,  (1)  steepness 

submarine  slope  may  characterize  the  side  of  a  barrier  reef 
I  well  as  of  an  atoll)  fronting  east  or  west,  north  or  south, 

is  true  of  high  islands;  but  it  is  least  likely  to  occur 
the  direction  of  the  trend  of  the  island  or  group,  or  that  of 
inent  drift.  (2)  Fringing  reefs,  or  no  ree&,  may  characterize 
le  side,  that  of  bold  bluf&,  and  wide  barriers  the  opposite. 
)  The  barrier  reef  mav  be  made  on  the  submarine  slopes  of  the 
nd,  or  on  a  broad  plateau  or  low-land  area  between  ranges 

elevations,  one  or  both  of  which  have  disappeared  in  the 
bsidence.  (4)  By  continued  subsidence,  the  side  having  a 
Dging  reef  or  no  reef,  may,  later  in  the  subsidence,  be  that  of 
very  broad  barrier  reef,  because  of  the  form  of  the  surface 

the  subsiding  land ;  and  vice  versa. 

The  third  of  these  propositions  is  well  illustrated  by  the 
7ts  from  the  Maldives,  as  r6ported  by  Darwin.     On  aecownX. 
its  importance  I  add  an  illustration  from  the  Eeeje^- 


i 
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The  great  reef-grounds  &lons  the  northwest  sides  or  the  two 
lat^  Feejee  iBlanda,  Vanua  Lebu  and  Viti  Lebu,  do  not  indicate 
a  flubsideuce  proportional  to  their  width. 

Sacb  of  these  islands  is  over  ninety  miles  long,  and  together . 
the  trend  ia  northeastward.*  The  northwestern  reef-groaodi 
are  10  to  25  miles  wide ;  while  on  much  of  the  southeast  side  of 
each  island  there  is  (according  to  the  Wilkes  Chart),  only  i 
fringing  reef.  The  true  explanation  of  the  great  width  is  found, 
not  in  the  amount  of  subsidence  alone,  but  largely  in  the  ex- 
istence there  of  a  broad  area  of  submerged  land  at  relatively 
small  deptba  This  inference  is  sustained  by  the  fact  that  the 
outer  barrier  reef,  after  being  simply  &  barrier  reef  for  136 
miles  with  but  two  rocky  islets  in  its  course,  becomes  in  the 
same  line  westward  for  70  miles,  a  range  of  high  narrow  reef- 
bordered  islands  (called  the  Asaua  Range),  and  then  bends 
around  southward  through  other  rocky  islands  to  meet  the  west 
end  of  Viti  Lebu.  The  reef-grounds  have  thus  a  chain  of 
islands  aa  their  boundary  for  a  length  of  100  miles,  and  simply 
a  barrier  reef  with  two  rocky  islets  for  the  rest  of  the  line  (12i 
miles). 

The  following  figure  illustrates  in  a  general  way  the  above 
condition.     It  is  a  section  across  the  reef-grounds,  t  k,  and  the 


outer  barrier  reef  i  with  a  fringing  reef  at  /,  and  supposmgit 
to  have  a  rocky  island  at  i,  it  represents  a  sectioa  (farther  (o 
the  southwest)  across  the  reef-grounds  and  the  outer  range  of 
islands.  The  reason  for  the  existence  of  only  fnoging  ree6 
for  much  of  the  southeast  side  has  not  been  particalarly  inves- 
tigated. 

16.  Local  etevations  within  the  sinking  area  are  not  evidence 
against  the  Darwinian  theory  of  subsidence.  Local  dismrb- 
ancea  and  faults,  as  both  theory  and  the  rocks  of  the  continenti 
show,  are  almost  necessary  concomitants  of  a  slowly  progressing 
change  of  level.  Besides  this,  igneous  conditions  beneath  t 
region  are  a  common  source  of  local  displacements.  Such  dis- 
placements are  therefore  to  be  looked  for  in  the  tropical  ocean^ 
aince  the  various  high  islands  are  volcanic,  and  the  coral  islandi 
probably  have  a  volcanic  basement ;  and,  moreover,  the  islands 
are  not  unfrequently  shaken  by  earthquakes.      The  causes  of 
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il  displacements  b;  either  method  would  not  necessarily  in- 
fere  with  any  secular  change  of  level  in  progress. 
i7.  The  shore-platform  of  an  atoll,  or  the  "flat"  as  called  by 
rwin,  situated  just  above  low- tide  level,  consists  usually  of 
(rue  reef  rook,  or  the  rock  made  by  under-water  consolida- 
1 ;  and  its  height  is  determined  chiefly  by  the  height  of 
76  action,  its  general  surface  being  produced  by  the  chisel- 
eflfect  of  the  inflowing  waters.  Wnen  found  above  its  normal 
el  it  is  probable  evidence  of  an  elevation ;  and  on  this  kind 
evidence  the  conclusion  rests  in  several  of  the  cases  of  sup- 
led  elevation  which  I  mention  in  my  Report  The  width 
the  platform  audits  evenness  of  surface  vary  with  the  height 
the  tidea  When  the  tides  are  Ave  to  six  feet,  the  platform  is 
TOW,  more  cut  up  by  channels  and  less  even  in  surface, 
ter  an  elevation,  if  but  a  foot  or  two  in  amount,  the  surface 
the  platform  becomes  restored  finally  for  a  large  part  of  its 
iaoe  to  its  normal  level  and  gentle  slopes  may  connect  the 
iver  and  older  portions.  But  if  the  rise  of  an  atoll  is  ten 
!t,  great  degradation  takes  place  along  the  lifted  edge  of  the 
if,  which  may  end  in  reducing  the  elevated  coral  barrier  to  a 
11  with  numerous  channels  and  broad  spaces  opening  through 
the  lagoon,  as  observed  by  the  writer  (from  ship-board)  on 
3  sooth  side  of  Deaa's  Island.* 

18.  The  differences  in  the  kinds  of  coral  rocks  should  be  under- 
od  (as  the  recent  discussions  of  Darwin's  theory  have  shown) 
order  to  appreciate  the  structural  facts  that  bear  on  changes  of 
d  The  beadi'Tnade  rock  is  of  above-water  consolidation, 
roogli  calcareous  deposition  about  the  grains  as  evapora- 
n  takes  place),  and  is  porous,  often  oolitic  ;  and  if  a  con- 
>merate  it  consists  mostly  of  worn  masses.  The  rock  made 
drifted  sands  is  similar.  But  the  true  coral-reef  rock  is  of 
ier-water  consolidation,  and  is  usually  very  compact,  like  an 
linary  limestone ;  and  if  a  conglomerate  it  is  commonly  a 

Our  cruise  took  us  from  the  Paumotu  atolls  to  Australia,  and  there,  the  sand- 
le  blofb  making  the  capes  of  Port  Jackson  gave  me  my  first  understanding 
tie  atoll's  '* shore  platform."  This  bluff  had  its  ''shore  platform."  60  to  150 
is  wide,  bare  at  low  tide;  it  was  Ihe  lower  layer  of  the  sandstone,  a  regularly 
(ed  rock,  lying  like  a  loosely  laid  pavement.  It  seemed  strange  that  it  was 
to  keep  its  place  in  the  face  of  the  breakers.  But  the  first  waters  of  the 
ming  tide  swelled  quietly  orer  it  and  served  to  shield  it  from  the  plunging 
in  of  the  later  part  of  the  fiow ;  the  waves,  therefore,  found  nothing  to  batter 
D8t  short  of  the  base  of  the  bluff. 

view  of  Dean's  Island  from  the  south  is  given  in  Wilkes's  Narrative,  i,  342  ; 
lils  only  in  not  giving  a  nearly  even  top  Hue  to  the  columns.  The  view  on  p. 
looks  as  if  representing  another  example  of  similar  erosion.  But,  as  the 
implies,  the  group  of  masses  of  coral  rock  was  made  by  the  artist  by  bringing 
a  single  view  the  blocks  that  had  been  observed  in  an  isolated  way  over  the 
brms  of  atolls.  The  size  and  shapes  of  the  blocks  are  exaggerated.  But, 
)agh  isolated,  such  blocks  are  often  so  united  to  the  coral  platform  that  they 
ar  to  be  a  constituent  part  of  it  (my  RepoTiy  p.  61),  and  suggeal  X\i^  (\\x<B^\Xo\i 
ber  tbejr  mar  not  be  remaantB  of  an  overlying  layer  elsewbete  temo'^^i^ 


104     J.  D.  Dcma — Origin  of  Coral  Reefa  and  Isla/nds. 

breccia,  and  sometimes  a  very  coarse  breccia.  Some  masses  o 
it  lying  on  the'  shore-platform  of  Paumotu  atolls  (thrown  up  bj 
storm  or  earthcjuake  waves)  100  to  2000  cubic  feet  in  contents 
consisted  of  single  pieces  of  massive  corals — Astrotas,  Parites^ 
etc. ;  and  others  were  an  agglomeration  of  fragments  of  corals. 
The  fine-grained  or  impalpable  kind  made  from  coral  mud 
may  have  few  or  no  fossils,  and  be  a  magnesian  limestone. 

Another  variety  of  the  coral-reef  rock,  made  in  iagoons  and 
sheltered  channels,  has  the  corals  in  the  position  of  erowth,  and 
when  formed  of  branching  corals  the  spaces  among  the  branches 
are  often  but  partly  filled.  It  is  a  weak  rock ;  and  the  islets 
thus  made  in  lagoons  and  inner  channels  are  sometimes  over- 
turned by  the  heaviest  of  waves ;  and  rising  banks  (as  the  ex- 
perience of  the  Wilkes  Expedition  proves)  may  be  crushed  be- 
neath the  keel  of  a  passing  vessel. 

Owin^  to  the  different  modes  of  origin  of  the  beach-made 
rock  and  the  true  coral-reef  rock,  the  occurrence  of  the  former 
underneath  the  latter  would  be  evidence  of  subsidence. 

Deep  borings  in  atolls  with  circular  drills  that  would  give  a 
six-inch  core  would  supply  evidence  as  to  the  existence  or  not 
of  beach-made  coral  rocks  at  levels  below  the  surface.  They 
would  also  determine  the  depth  to  which  true  modem  coral-reef 
rock  extends  and  the  nature  of  the  underlying  beds,  whether 
calcareous,  volcanic,  or  of  any  other  kind  ;  this  is  hence  a  sure 
method  for  obtaining  a  final  decision  of  the  coral  island  ques- 
tion and  should  be  tried.* 

19.  Elevated  coral  reefs  alBFord  an  opportunity  to  search  for 

*  The  Wilkes  Expedition  carried  out  apparatus  for  boring.  It  was  put  into  inex- 
perienced hands,  as  Commodore  Wilkes  states  In  his  Narrative  (ir,  267,  268),  and 
at  a  trial  with  it  on  Aratica  (Carlshoif  Island)  in  the  Paumotus,  it  became  broken 
and  useless  at  a  depth  of  21  feet.  Moreover,  the  granulated  material  brought  up 
afforded  no  satisfactory  evidence  as  to  the  kind  of  coral  rock  encountered. 
The  statement  in  the  Narrative  that  *'  the  low  coral  islands,  as  far  as  thev  have  been 
investigated,  both  by  boring  and  sounding,  have  shown  a  foundation  of  sand,  or 
what  becomes  so  on  being  broken  up,"  has  been  quoted  and  made  more  of  thiD 
the  facts  warrant.  The  "soundings"  reached  only  the  sands  of  the  sea-bottom: 
and  the  "  boring,"  if  it  found  sand  at  bottom,  proved  only  that  the  beach-made  rock 
may  exist  at  the  21 -foot  level,  in  which  case  a  small  subsidence  would  be  in- 
dicated. 

Commodore  Wilkes  says  on  page  269  of  the  same  volume :  ^*  The  elevated  coral 
islands  which  we  have  examined  exhibit  a  formation  of  conglomerate  oompoeed 
of  compact  coral  and  dead  shells,  interspersed  with  various  kinds  of  oorals,  which 
have  evidently  been  deposited  after  life  has  become  extinct.  A  particular  instance  of 
this  was  seen  at  the  island  of  Metia,  and  the  same  formation  was  also  observed  at 
Oahu."  As  the  corals  of  a  conglomerate,  whether  consisting  of  rounded  masM 
or  angular,  are  "  deposited  after  life  has  become  extinct,"  no  inference  as  to  ths 
particular  kind  of  coral  rock  intended  can  be  drawn  from  the  remark.  From  my 
knowledge  of  the  island  I  presume  he  meant  the  ordinary  breccia  oonglomerata  of 
tlie  reef  rock,  which  is  one  of  the  kinds  of  coral  rock  of  the  elevated  islasi 
Commodore  Wilkes  himself  made  no  examination  of  the  rock  or  special  stndj  of 
coral  islands,  as  might  be  inferred  from  his  theoretical  views  on  p.  270  of  volomeiT. 
Hia  NarraUve  was  to  a  confflderaYAe  exXenX  m^iQA  \x^  tram  tk^  Joumala  of  his 
variouB  oiBcers. 
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Uyen  of  beaoh-made  rock  underlying  true  reef  rock ;  and  also, 
if  oTer  120  feet  in  height,  to  ascertain  directly  the  character  of 
the  rock  below  this  level. 

The  elevated  atoll,  Metia,  seventy-five  miles  northeast  of 
TUiiti,  whose  maximum  height  (according  to  the  measurement 
of  offioers  of  the  Wilkes  Expedition)  is  260  feet,  I  have 
described  as  consisting  of  the  true  coral-reef  rock.  My  exam- 
inations were  made  on  the  west  side  where  it  presents  a  nearly 
vertieal  front  to  the  water.  The  white  compact  limestone  was, 
m  some  parts,  almost  destitute  of  fossils,  or  had  only  an  occa- 
Bonal  mould  of  a  shell  or  fragment  of  coral  -*  and  in  others,  it 
visa  fine  or  coarse  coral  breccia.  My  notes  written  out  at  the 
idand  include  the  statement  that  "  large  masses  of  corals  make 
RMDe  lower  layers.*^  This  observation,  though  not  as  complete 
18 1  now  see  that  it  shoald  have  been,  favors  the  conclusion 
that  the  thickness  of  the  reef  rock  is  at  least  twice  as  ereat  as 
the  depth  to  which  reef-corals  grow,  in  which  case  the  elevated 
reef  is  proof  of  a  subsidence  of  120  feet  or  more. 

The  island  is  so  near  the  route  to  Tahiti  that  the  doubt  which 
zemains  could  be  readily  removed. 

20.  The  subsidence  indicated,  according  to  the  Darwinian 
theory,  by  atolls  and  barrier  reefs  was  actual^  not  apparent  sub- 
odence  attributable  to  change  of  water-level.  The  difference 
in  its  amount  between  the  Central-Pacific  area  of  subsidence 
and  its  limits  (§§  10,  11,  above),  the  gradation  or  variation  in 
amount  of  subsidence  along  chains  of  islands  (§§  10, 12,  IS),  and 
the  local  character  of  elevations,  like  those  of  Metia,  Mangaia 
tod  many  others,  are  proofs  on  this  point. 

The  preceding  explanations  have  prepared  the  way  for  the 
ooonderation  of  the  arguments  urged  against  the  Darwinian 
theory,  to  which  I  now  pass.- 

[To  be  continued.] 


Art.  XIII. — On  the  Meteorite  of  Fomatl&n^  Jalisco^  Mexico ;  by 

Charles  Upham  Shepard. 

For  my  knowledge  of  the  Formatlan  meteorite  I  am  indebted 
to  Mr.  Carlos  F.  De  Landero,  Engineer,  of  Guadalajara.  Mex- 
ico. Along  with  a  fragment  weighing  142  ^rams  came  his 
letter  of  March   11th,   stating   that   it   formed   portion  of   a 

*It  was  this  compact  rock,  white,  flint-like  in  fracture,  clinkinf?  under  the 
btmmer,  that  was  found  on  analysis  by  B.  Silliman  to  contain  3807  per  oent  of 
iMgitfurium  carbonate. 
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stone  that  fell  **  about  the  end  of  the  year  1888  on  the  fan 
El  Garganitello,  near  the  coast  in  the  State  of  Jalisco." 

The  fragment  is  somewhat  prismatic  in  shape,  two  and  a 
inches  long  and  one  and  a  half  in  each  of  its  two  other  dio 
sions.     The  broadest  side  retains  the  original  black  crust,  wl 
is  rough  and  dull,  with  a  thickness  rather  above  the  averag 
meteoric  stonea     It  is  broken  with  medium  facility,  show 
a  rather  lighter  color  than  common  in  these  bodiea    Itabou 
in  pisiform  grains  of  a  pearl-gray  or  brownish  color,  varj 
in  size  from  a  pea  downward  to  that  of  mustard-seed.    ' 
larger  of  these  may  be  described  as  not  strictly  pisiform, 
rather  flattened  globules  or  imperfect  crystals,  with  roun 
edges  and  anglea     They  often  exhibit  a  single  tolerably 
tinct  cleavage  in  one  direction,  with  traces  of  another  perj 
dicular  thereto. 

The  basis  in  which  the  globules  are  imbedded  is  rat 
peculiar.  It  is  many  shades  lighter  in  color  than  the  globu 
and  is  fine  granular  resembling  certain  massive  albites.  Un 
the  lens  it  appears  an  intimate  mixture  of  the  broken  g 
globules  and  a  white  mineral.  This  last  in  the  field  of 
compound  microscope  is  seen  to  consist  of  sharply  crystalli 
transparent  or  semi-transparent  grains,  and  closely  reseml 
the  chladnite  of  the  Bishopville  meteorite.  It  should  be  m 
tioned  that  the  pisiform  globules  situated  within  half  an  ir 
of  the  crust  are  much  stained  with  iron-rust 

But  the  striking  peculiarity  of  the  Jalisco  stone  is  the  pre 
lence  everywhere  of  octahedral  crystals  of  nickeliferous  ir 
These  are  so  distinct  as  to  be  recognizable  with  the  naked  e 
the  brilliant  equilateral  triangular  faces  coming  into  view 
every  change  of  position  in  the  specimen.  Now  and  thei 
surface  presents  a  pitted  or  dissected  appearance,  similar 
what  is  common  in  quartz  crystals.  One  or  two  insian 
were  noted  where  a  tendency  to  the  arborescent  struct 
showed  itself,  the  octahedra  being  aggregated  in  a  comnr 
line,  and  only  touching  by  the  tips  of  their  pyramids.  Neil 
the  irregular  globular  form  or  the  twisted  pisiform  shape 
this  substance,  sometimes  visible  in  meteoric  stones,  is  recogi 
able  in  the  present  case. 

This  observation  at  first  led  me  to  suppose  that  the  Jali 
stone  offered  the  first  instance  of  well  defined  crystals  of  ni 
eliferous  iron.  But  on  recurring  to  the  stones  of  several  ot 
localities,  I  find  their  presence  is  by  no  means  rare,  thoi 
they  have  not  hitherto  attracted  attention.  The  following  of  th 
showing  occasional  crystals  ma}'  be  instanced:  Eochesi 
Sumner  County,  Little  Piney,  Richmond,  Yorkshire,  Moni 
jean,  Daniel's  Kuill,  New  Concord,  VouilW,  Erxleben  t 
AfGanello, 
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be  crystals  are  aniformly  distributed,  penetrating  even  to 
center  of  the  chrysolite  globales,  and  are  often  so  minute 
>  be  invisible  without  the  aid  of  a  glass.  To  effect  their 
re  separation  by  the  magnet  is  wholly  impossible.  Neither 
thdr  estimation  be  accomplished  by  the  aid  of  acids,  since 
chrysolite  is  more  or  less  decomposed  by  the  same  action 
dinolves  the  crystals.  The  nearest  approximation  to  their 
lentage,  as  determined  mechanically,  gave  it  at  about  7  p.  c., 
igh  this  is  probably  too  high,  through  the  adhesion  of  the 
rerized  chrysolite  in  the  process  of  separation. 
articles  of  crystalline  troilite  of  considerable  size  adhere 
isionally  to  the  nickeliferous  iron,  though  on  an  average 
r  cannot  exceed  0*5  p.  c.  of  the  stone.  The  treatment  of 
metallic  portion  of  the  stone  in  aqua  regia  left  undissolved 
iw  very  minute  black  shining  scales  of  a  plumbaginous 
ire,  together  with  equally  minute  non-magnetic,  dull,  octa- 
ral  crystals  of  chromite,  which  gave  with  borax  the  charac* 
dc  chromium  reaction. 

Sually  difficult,  as  in  the  case  of  the  nickeliferous  iron,  is 
etermination  of  the  proportions  of  the  chrysolite  and  the 
posed  chladnite.  The  nearest  estimate  I  can  make  would 
sight  of  the  former  to  one  of  the  latter,  thus  presenting  the 
)wing  approximative  table  for  the  mineralogical  constitution 
he  meteorite : 

Chrysolite 80 

Chladnite? 10 

Nickeliferous  iron 7 

Troilite ) 

Chromite >■    3 

Peroxide  of  iron  }  

100 
I  specific  gravity  as  determined  upon  two  fragments,  each 
ing  about  one-third  of  its  surface  covered  by  crust,  was 

n  conclusion,  it  may  be  observed  that  the  shape  of  the 
cimen  indicated  it  to  have  belonged  to  a  stone  several 
hes  in  diameter.  Additional  particulars  relating  to  the 
will  probably  be  furnished  hereafter,  through  inquiries 
mised  oy  Mr.  Landero. 

harlestOD,  April  18,  1885. 

Addendum, 

The  delay  which  has  occurred  in  the  publication  of  the 
egoing  enables  me  to  append  thereto  the  very  interesting 
tract  from  a  letter  of  Mr.  De  Landero,  dated  Guadalajara, 
ly  30th,  1885 : 

'*  Respecting  the  exact  date  of  the  fall,  I  shall  sooner  or  later 
sWe  to  Sx  it  with  precision.     The  aerolite  passed  ovet  xXi^ 
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town  of  Fomatlan  (40  miles  S.S.E.  of  Cape  Corrientes, 
village  of  800  inhabitants,  belonging  to  the  canton  of  Maseol 
in  our  state  of  Jalisco,  at  a  height  of  some  three  to  five  thousan 
feet,  between  four  and  five  P.  M.  It  was  a  very  clear  da; 
Many  persons  saw  the  aerolite,  and  heard  the  explosion  it  madi 
which  was  very  powerful.  Its  direction  was  from  S.E.  t 
N.W.  It  left  a  white  cloud  in  its  track.  Two  or  three  fraj 
ments  fell,  eight  miles  N.W.  of  Fomatlan,  between  the  hooiK 
of  the  Gargantillo  farm.  The  latitude  of  Fomatlan  is  19®  4^ 
N.  and  its  longitude  near  6®  20'  W.  of  the  city  of  Mexico.  Il 
elevation  above  the  sea  is  about  100  feet. 

"The  administrator  of  the  Gargantillo  farm,  Gesareo  Rodri 
guez,  gathered  two  or  three  fragments  of  the  meteorite  a  fei 
minutes  after  their  fall,  when  they  were  still  at  a  burning  heat 
The  largest  of  these  weighed  about  two  pounds.  The  mail 
body  of  the  meteorite,  which  must  have  been  very  large,  con 
tinned  on  its  path  to  the  N.W.  and  fell  into  a  large  lagoon  foui 
or  five  miles  aistant  from  the  farm. 

"  My  uncle,  Mr.  Joaquin  Castanos,  who  was  at  that  time  in 
Fomatlan,  received  one  of  the  fragments  from  the  hands  o( 
Cesareo  Bodriguez,  and  kept  it  for  ma  I  made  a  determint' 
tion  of  the  specific  gravity  of  the  meteorite  upon  a  fragment 
weighing  28^  grams,  the  result  of  which  was  3*49." 

A  late  letter  gives  AuguBl,  1879,  as  the  time  of  fall. 


y^* 


Art.  XIV. — On  the  widespread  occurrence  of  allanite  as  on 
accessory  constituent  of  many  rocks ;  by  Joseph  P.  Iddings 
and  Whitman  Cross,  of  the  U.  S.  Geological  Survey. 

More  than  a  year  ago,  while  engaged  in  the  microscopical 
study  of  rocks  from  widely  separated  regions,  the  writem 
observed  in  the  thin  sections  occasional  crystals  or  grains  of  a 
highly  refracting,  brown  mineral,  which  was  not  referable  to 
any  of  the  more  common  rock-building  species.  The  study 
of  a  number  of  sections  showed  that  the  crystals  were  mon- 
oclinic  and  apparently  isomorphous  with  epidote,  that  ia, 
elongated  in  the  direction  of  the  ortho-axis  with  the  base  and 
orthopinacoid  well  developed,  two  positive  orthodomes  less 
prominently,  and  with  terminal  planes  belonging  apparently 
to  the  unit  prism.  In  a  few  instances  imperfect  cleavage  was 
noticed  parallel  to  i-l  and  0,  and  in  one  case  to  t4.  A  twin* 
ning  parallel  to  t-i,  as  in  epidote,  was  frequently  observed. 

The  optical  axes  were  found  to  lie  in  the  plane  of  symuaetry, 

one  of  the  bisectrices  making  an  angle  of  35®  to  40    with  toe 

vertical  axis  and  25°  to  S0°  >n\IV\  ihe  cUno-axis.    A  strong  pie- 

ocbroism^  from  light  yel\o^\a\\  bxo^w  \^  ^wY  ^^'aXxc^wjwt 


as  a  constituent  of  mam/y  Rocks,  109 

ays  noted,  as  also  a  high  index  of  refraction.  These 
rs  strongly  indicated  the  identity  of  this  mineral  with 
and  a  qualitative  chemical  analysis,  made  by  Dr.  W. 
brand  in  the  Denver  laboratory  of  the  U.  S.  Geological 

fully  confirmed  the  correctness  of  the  microscopical 
lation.  The  material  analyzed  was  derived  from  a 
►orphyrite  of  the  Ten  Mile  District,  Colorado,  in  which 
leral  occurred  in  exceptional  abundance.  The  pro- 
^paration  and  analysis  is  described  by  Dr.  Hillebrand 
7s:  "The  mineral  supposed  to  be  allanite  was  separa- 
1  the  rock,  together  with  much  magnetite  and  some 
)y  means  of  the  Sonstadt  solution.  The  magnetite  being 
I  by  a  magnet,  the  other  minerals  were  left  quite  free 
irther  admixtura  They  formed  approximately  0*05 
.  of  the  whole  rock. 

)rder  to  preserve  the  zircon  crystals  intact,  the  mixture 
.ted,  without  pulverization,  for  many  days  in  a  platinum 

with  hydrochloric  acid.  The  residue  was  zircon  and 
jtaining  the  original  form  of  the  allanite  fragments, 
ica  after  filtration  was  entirely  soluble  in  hot  sodium 
te.  After  separating  silica  in  the  hydrochloric  acid 
,  the  latter  was  boiled  with  potassium  hydrate.  The 
then  showed  niuch  alumina  and  lime,  and  very  little 
a.  The  precipitate  by  potassium  hydrate  was  dissolved 
Dchloric  acid,  diluted,  and  to  it  a  concentrated  solution 
c  acid  added.  The  precipitate,  at  first  curdy,  was  igni- 
jolved  in  sulphuric  acid,  evaporated,  and  ignited  gently, 
►hates  dissolved  in  cold  water,  and  crystals  of  potassium 
3  added.  After  washing  the  insoluble  double  sulphate 
with  a  potassium  sulphate  solution,  ammonia  formed  no 
ate  in  the  filtrate,  showing  the  absence  of  erbium  and 
.  The  double  sulphates  dissolved  very  readily  in 
3idulated  with  hydrochloric  acid,  and  were  then  decom- 
y  oxalic  acid  ;  the  ignited  precipitate  was  brown,  readily 
in  hydrochloric  acid  with  evolution  of  chlorine,  indica- 
ireby  the  presence  of  both  cerium  and  lanthanum,  and 

of  thorium.  No  didymium  absorption  lines  were 
in  the  spectroscope.  The  oxalate?^,  when  dissolved  in 
litric  acid  and  boiled  with  lead  dioxide,  gave  a  yellow 
I  showing  the  presence  of  cerium.  Further  tests  were 
d  impossible  by  the  loss  of  the  material, 
hough  in  the  beginning  only  a  qualitative  analysis  was 
plated,  owing  to  the  small  amount  of  material,  neverthe- 

silica,  alumina,  ferric  oxide,  mixed  cerium  and  lantha- 
:ides,  and  the  lime  were  weighed,  and  found  to  bear  to 
)ther  the  avarage  ratio  of  those  constituents  m  AUsiuv^ie," 
derJng  the  identity  of  the  mineral  as  estabWaViedi, \Xi^ 
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following  additional  particalars  as  to  its  characteristics  and  d 
tribution  may  be  of  interest. 

Crystals  which  are  large  enough  to  be  seen  witboat  the  s 
of  a  lens  are  easily  recognized  in  the  band  specimen  by  th< 
brilliant  black  color,  uneven  fracture  and  oily  luster.  Th 
vary  greatly  in  form  and  size  in  the  diflFerent  rocks  examine 
in  some  cases  being  long,  slender  prisms,  reaching  a  maximu 
length  of  1   cm.,   though  usually  appearing  in   short,  sto 

frisms,  or  in  quite  irregular  grains  of  microscopic  dimensioi 
n  thin  sections  from  a  great  number  of  localities  the  color 
uniformly  a  rich  chestnut  brown  with  the  strong  pleochrois 
already  mentioned,  but  in  a  few  instances  a  zonal  variation  h 
been  noticed,  the  color  growing  lighter  from  the  center  of  tl 
crystal  outward.     Cleavage  is  in  most  cases  wholly  absent. 

A  confusion  with  hornblende  or  biotite  is  only  possib 
when  these  minerals  are  of  nearly  the  same  shade  of  brow 
and  are  so  cut  by  the  section  as  to  show  no  distinct  cleavag 
But  the  lack  of  pleochroism  and  the  nearly  uniaxial  charact* 
of  a  basal  section  of  biotite — the  only  one  not  exhibitit 
cleavage — sufficiently  distinguishes  it  from  the  strongly  pie 
chroic,  biaxial  allanite.  In  the  exceedingly  rare  cases  whe; 
hornblende  possesses  the  peculiar  chestnut-brown  color,  an 
shows  neither  characteristic  cleavage  nor  outline,  one  can  onl 
distinguish  the  allanite  by  its  higher  index  of  refraction,  whic 
produces  more  brilliant  interference  colors  between  crossed  nicol 

From  its  mode  of  occurrence  and  association  allanite  mm 
be  added  to  the  group  of  primary,  accessory  rock  constituent 
similar  to  zircon,  sphene,  and  apatite,  though  much  rarer  ths 
any  of  these.  In  one  instance  it  was  noticed  enclosing  zirco 
in  others,  sphene,  apatite,  and  magnetite,  but  it  has  also  bet 
found  in  such  connection  with  these  minerals  as  to  indicate 
contemporaneous  growth.  Its  nature  as  a  primary  constitue; 
in  eruptive  rocks  is  further  attested  by  its  occasional  inclasic 
in  biotite,  feldspar,  and  quartz. 

In  some  regions  it  appears  to  be  quite  uniformly  distribute 
through  certain  types  of  rock.  Thus,  in  the  porphyrites  ar 
allied  porphyries  of  the  Ten  Mile  district,  Colorado,  prismat 
crystals  of  allanite  may  be  seen  in  numbers  upon  nearly  evei 
hand  specimen — one  exhibiting  as  many  as  forty  on  its  surfa 
— and  few  thin  sections  of  these  rocks  were  examined  witboi 
one  or  more  being  discovered.  On  the  other  hand,  in  tl 
vicinity  of  Eureka,  Nevada,  it  seems  to  be  very  irreo;ular 
disseminated  through  a  considerable  range  of  rock  types,  tw 
or  three  microscopical  individuals  being  recognized  in  quite 
number  of  thin  sections — and  in  one  instance  as  many  i 
eleven — but  in  the  majority  of  aectioua  \i  \a  absent  altogethe 
In  most  of  the  rocks  studied  lV\^m\xvftTi^o^^>\x^N«t^  ^^tv.\\\ij^ 
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Q08t  every  iostance  the  allanite  is  perfectly  fresh  and 
d.  Macroscopic  crystals  are  occasionally  seen  to  be 
brown  in  color,  with  a  more  or  less  deeply  stained  zone 
ding  thenL  In  one  partially  deo6mposed  rock,  a  transi- 
dlanite  to  epidote  is  indicated  hj  crystals  of  the  former 
g  scattered  grains  of  epidote  in  such  a  manner  as  to 
ue  doubt  that  they  result  from  an  alteration  of  the 
g  mineral. 

nteresting  finally  to  notice  how  extensively  allanite  is 
lated  in  minute  quantities  through  rocks  of  a  great 
of  types  and  from  widely  separatea  localities.  With- 
lertaking  any  special  investigation  of  the  matter  we 
und  it  microscopically  in  metamorphic  rocks,  in  older 
ne  eruptive  masses  and  in  glassy  lavas;  in  hornblende 
nd  mica  gneiss,  in  granite,  granite  porphyry,  auartas 
y,  diorite,  porphyrite,  andesite  (glassy),  dacite,  ana  rhy- 
nd  from  localities  in  the  States  of  Maine,  Massachusetts, 
Island,  Colorado  and  Nevada,  and  the  Territories  of 
ng  and  Utah.  Below  is  appended  a  list  of  the  rocks 
alities  alluded  to,  which  will  no  doubt  be  greatly  eu- 
)y  other  observers. 

8, — Utah :  Ogden  Cafion ;  Farmington  Cafion,  Wahsatch. 
Wyoming:  Medicine  Bow  Range. 
Nevada:  Clover  Cafion,  E.  Humboldt  Mountains. 

ite. — Maine :    Vinalhaven,    Biddeford,    Wayne,     Fox 
Island,  Harrington. 
Massachusetts:  Lynnfield. 
Rhode  Island:  Westerly. 
Utah  :  Little  Cottonwood  Cafion. 
Nevada :  Eureka. 

ite  porphyry. — Utah  :  Tooele. 

Nevada :  Eureka. 

•to  porphyry, — Colorado :  Mosquito  Range,  Park  County ; 

Eagle  River,  Eagle  County. 

te. — Nevada:  Truckee  Cafion. 

hyrite. — Colorado:    Mount   Silverbeels,   Park   County; 
Mosquito  gulch,  Park  County  ;  Ten  Mile  Dis^ 
trict,  Summit  County. 
Utah :  Henry  Mountains. 

site  {glassy). — Nevada  :  Eureka. 

U, — Nevada:  Eureka,  Shoshone  Park ;  Washoe. 
Utah :  While  Rock  Mountain. 

^Ua — Nevada:  Eareka. 
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Art.  XV. — Crystals  of  Analcite  from  the  Phoenix  Mine^  . 
Superior  Copper  Region ;  by  Samuel  L.  Penpield. 

These  crystals  which  have  lately  been  received  at  New  Ha 
occur  thickly  grouped  together  on  calcite  and  native  co| 
associated  with  tabular  crystals  of  apophyllite,  and  nume 
minute  crystals  of  milky  quartz  scattered  thickly  over  the  s 
mens.  The  crystals  are  or  all  sizes  from  very  minute  up  to 
centimeter  in  diameter;  the  small  ones  are  simply  tetrag< 
trisoctahedrons  of  the  form  (211),  2-2,  the  larger  ones  are  o 
same  form  but  with  the  planes  arranged  as  in  fig.  1.  A 
every  edge  of  what  might  be  regarded  as  a  simple  crystal,  t 
is  a  reentrant  angle  or  groove.  The  crystals  are  mostly  of  i 
symmetry  of  arrangement,  and  appear  as  if  made  up  of  twe 
four  simple  crystals,  each  eciually  spaced  from  the  ce: 
Occasionally  at  the  extremity  of  the  principal  axes,  a  fifth  i 
angle  can  be  seen  symmetrically  situated  midway  betweer 
four  represented  in  the  figure.  The  planes  of  the  crystali 
uneven,  as  is  so  often  the  case  with  analcite,  so  that  it  was 
possible  to  prove  by  means  of  the  reflection  goniometer  tha 
mdividual  parts  of  the  crystal  were  arranged  in  exactly  par 
position. 


1. 


2. 


3. 


In  order  to  obtain  some  insight  into  the  interior  arranger 
of  the  crystals,  some  sections  were  cut  and  examined  with 
microscope.  A  cross  section  parallel  to  (001),  i-i,  at  the  p 
a,  fig.  1,  is  given  in  fig.  2.  The  section  is  plainly  divided 
four  parts  corresponding  to  the  four  crystals,  so  to  speak,  w 
are  intersected  at  that  point,  the  division  lines  running  ne 
parallel  to  the  diagonals  of  the  rectangle.  The  figure  showj 
irregular  direction  of  these  dividing  lines  in  one  of  the  secti 
at  times  they  run  much  more  regularly.  They  were  obse: 
in  all  cases,  and  can  be  seen  with  the  naked  eye  as  soo: 
the  top  of  the  crystal  is  cut  away.  After  grinding  the  sect 
~  in  it  is  impossible  to  transfer  the  same  to  an  object-glass  v 
ihe  four  parts  separating  along  these  division  lines,  and 
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(  the  case  even  when  the  sections  are  quite  thick  for  micro- 
oopic  purposes,  so  that  in  reality  there  are  four  separate  indi- 
idoals  cat  throagh  at  that  point  Under  the  microscope  the 
ections  show  a  slight  doable  refraction,  but  no  division  into 
lefioite  fields,  as  observed  by  A.  Arzruni  and  S.  Koch,*  conld 
le  observed.  The  patches  of  dark  and  light  were  very  ane(|ually 
[istribated,  bot  the  extinction  was  in  all  cases  at  a  maximum 
rhfln  the  principal  isometric  axes  were  parallel  to  the  planes  of 
he  polarizer  or  analyzer,  as  observed  by  the  above  mentioned 
lattorsL  A  section  nearer  the  center  of  the  crystals  showed  the 
bar  lines  of  separation  as  above,  but  no  separation  parallel  to 
be  dodecahedral  symmetry  planes,  as  might  be  expected  below 
lie  point  &,  conld  be  observed.  In  addition,  a  rectangular  patch 
nnoanded  by  an  opa^ae  rim  was  observed  in  the  centre  of  the 
taction,  being  the  section  through  a  central  crystal  or  nucleus. 
k  thick  cross  section  between  the  points  b  and  c,  fig.  1,  is  given 
in  fig.  S.  The  outer  portion  a  represents  the  clear  trans^rent 
(Dstmal  of  the  crystsJ  with  the  four  division  lines,  while  m  the 
interior  a  perfect  tetragonal-trisoctahedron  can  be  seen.  The 
material  of  this  inner  crystal  is  transparent,  but  it  has  an 
opaqae,  white  coating,  and  the  whole  outline  of  the  crystal  can 
be  seen  as  distinctly  as  if  it  were  a  model  mounted  in  some 
uanaparent  material.  After  observing  this  in  the  section,  it  can 
readily  be  seen  that  all  of  the  larger  crystals  have  an  opaque 
center.  The  transparent  exterior  portion  shows  with  crossed 
nicols  under  the  microscope  colored  patches  running  in  radial 
directions  from  the  center,  the  maximum  of  extinction  beinjg  for 
all  of  the  four  secants  when  the  principal  axes  are  parallel  to 
the  polarizer  or  analyzer. 

Toe  outer  portion  would  thus  seem  to  be  a  secondary  growth 
iboat  an  older  analcite  crystal  serving  as  a  nucleus.  Each  face 
of  the  original  crystal  seems  to  have  acted  separately  in  the 
orientation  of  the  secondary  deposit.  The  three  crystals  or  parts 
oi  the  crystal  in  each  octant  seems  to  be  parallel  in  molecular 
arrangement  because  no  lines  of  demarcation  or  separation  be- 
tween them  can  be  detected,  while  the  material  of  the  eight 
octants  seems  to  be  not  quite  parallel  in  arrangement,  as  indicated 
by  the  division  lines  and  easy  separation  which  were  in  all  cases 
observed. 

Minenlogioal  Laboratory,  Sheffield  Scientific  School,  May  12th,  1885. 

♦Zeitschr.  Kryat.,  v,  483. 
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Art.  XVI. —  On  a  Differential  Resistance  Thermometer;  by 

T.  0.  Mendenhall. 

The  determiDation  or  registration  of  the  temperatare  at  a 
distant  or  not  easily  accessible  point,  is  so  extremely  desirable 
that  many  methods  for  accomplishing  this  end  have  been  pro- 
posed, and  to  some  extent  made  use  of  during  the  past  nftj 
years.  Naturally  enough  electricity  has  been  utilized  in  some 
way  or  other  in  the  majority  of  these  systems  of  telether- 
mometry. 

The  requirements  of  the  problem  seem  to  be  that  the  device 
or  instrument  used  at  the  point,  the  temperature  of  which  is  to 
be  ascertained,  shall  be  of  the  greatest  possible  simplicity  of 
construction  involving  little  or  no  motion  in  its  parts,  so  that 
the  liability  to  **  get  out  of  order"  shall  be  reduced  to  the  mini- 
mum ;  and  that  at  the  observing  or  registering  station,  the 
necessary  appliances  shall  possess  a  maximum  of  durability 
and  simplicity — so  that  a  minimum  of  time  and  skill  will  be 
demanded  in  making  the  observations.  The  whole  system 
must  be  certain  in  its  indications  and  correct  within  a  reason- 
able limit. 

The  first  of  these  conditions  is  apparently  sufficiently  well 
satisfied  by  the  thermo-electric-junction  which  has  probably 
been  more  extensively  made  use  of  than  any  other  form  of  elec- 
tric thermometer.  It'  renders  necessary,  however,  the  use  of  a 
comparatively  delicate  galvanometer,  and  as  the  electromotive 
force  of  a  single  couple  is  small  (it  is  difiicult  to  use  more 
than  one  in  general  practice)  the  results  are  subject  to  consider- 
able errors  arising  from  unknown  or  neglected  sources  of  elec- 
tromotive force.  This  source  of  error  becomes  more  important 
as  the  range  of  temperature  measured  becomes  smaller,  al- 
though it  may  be  almost  entirely  avoided  by  care  and  skill  on 
the  part  of  the  operator.  The  well  known  resistance  method 
of  Siemens  satisfies  the  same  condition  very  perfectly,  and  is 
certainly  capable  of  giving  good  results  when  skillfully  applied, 
at  least  throughout  moderate  ranges. 

The  desire  to  possess  some  form  of  electric-thermometer 
which  might  be  utilized  in  the  study  of  certain  problems  con- 
nected with  meteorology,  especially  the  observation  of  soil  and 
earth  temperature,  and  the  use  of  which  would  not  demand 
greater  skill  than  that  of  the  ordinary  meteorological  observer, 
led  to  the  device  and  construction  of  the  instrument  to  be  de- 
scribed which  may  be  called  a  "differential  resistance  ther- 
mometer." It  consists  essentially  of  a  mercurial  thermometer, 
not  unlike  ordinary  forms,  excepl  \.V\«A.  \.Vi^  WVa  v,^  greatly  en- 
larged  so  that  the  stem  may  \iav^  a  dAarc\^\.^t  ol  ^xtv^xJwvcv'^'sj^^ 
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I  millimeter,  and  still  leave  the  scale  tolerably  ^^open."  In  one 
)f  the  instraments  already  made  V  C.  corresponds  to  about 
f^  of  the  scale.  Banning  down  through  the  stem  is  a  fine 
datinnm  wire  about  -OS"*™  in  diameter.  The  lower  end  may  be 
eeured  in  the  bulb  so  that  it  is  kept  straight  in  the  bore  of  the 
lem,  and  at  the  lower  end  a  heavier  wire  is  sealed  in  the  glass 
0  tlmt  metallic  contact  can  be  made  with  this  wire  both  at  the 
if^r  end  and  through  the  mercury  at  the  lower.  It  is  evident 
hftt  the  resistance  between  these  two  points  will  depend  largely 
bat  not  entirely)  on  the  length  of  the  platinum  wire  which  is 
bove  the  mercury  in  the  tube  and  this  will  depend  on  the 
emperature  to  which  it  is  exposed.  When  this  temperature 
iaes  the  resistance  is  decreased  by  an  amount  equal  to  the  dif- 
ereooe  between  that  of  the  platinum  wire  which  disappears  and 
hit  of  the  mercury  which  takes  its  pla'ce — less  the  increase  in 
lie  resistance  of  the  wire  and  mercury  due  to  increase  of  tem- 
)entura 

* 

Let/=lenffth  of  platinum  wire  exposed  at  0^. 

t=  resistance  per  unit  length  (=  length  of  1^)  of  wire. 

^  =  resistance  per  unit  length  (=  length  of  1°)  of  mercury. 

it  =  temperature  coefficient  of  platinum. 

h  =  temperature  coefficient  of  mercury. 
R,=  total  resistance  at  0^ 
Ri=  resistance  (including  all)  at  t^. 

Then 

R,=R.-.  {8{l^M)  -^(^ -  (k8  ^gh)t\  (1) 

This  equation  is  not  quite  rigorous,  but  the  approximation  is 
Teiy  close.    It  is  of  the  form — 

R»=Ro-.B<-Ce*.  (2) 

The  simplest  and  best  way  of  dealing  with  it  is  to  determine 
the  constants  of  the  equation  (2)  by  a  series  of  observations 
making  use  of  the  method  of  least  squares.  From  the  result 
the  resistance  for  any  degree  of  temperature  may  be  calculated, 
or  better,  a  curve  can  be  constructed  from  which  the  tempera- 
ture corresponding  to  any  resistance  can  easily  be  read. 

The  advantage  of  this  method  over  the  use  of  a  simple  resist- 
ance coil  is  that  the  change  in  resistance  accompanying  a  given 
change  in  temperature,  is  much  greater  and  in  fact  it  may  be 
oiade  as  great  as  one  desirea  As  a  result  the  telephone  may 
be  substituted  for  the  galvanometer  in  the  resistance  measure- 
ments, thus  Rreatl^  simplifying  the  apparatus  as  well  as  increas- 
ing the  rapidity  with  which  observations  may  be  made ;  or  if 
preferred, .a  much  less  sensitive  galvanometer  may  be  used.  It 
iIbo  possesses  the  very  great  advantage  of  allowing  an  increase 
)f  delicacy  as  the  rao^e  of  temperature  decreaaea.  ¥ot  e^nVv 
mperatares  this  is  very  desirable  and  it  will  easily  be  aeexvXJcv^X. 
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thermometers  of  this  kind  can  be  constructed  for  a  few  degrees 
of  range  with  which,   by   comparatively   rude  processes  the 
measurements  may  be  correct  within  a  very  small  fraction  of  a 
degree.     For  use  in  earth  temperature  measurements,  the  ther* 
mometer  will  be  inclosed  in  a  strong  brass  tube  for  protection 
and   the  connection  with  the  point  of  observation  made  by 
means  of  a  cable  of   heavy  copper  wira     The  cable  will  of    3 
course  form  a  part  of  B,  in  equation  (2),  but  as  it  is  a  con-    1 
stant,  the  substitution  of  one  cable  for  another,   if   necesaary,    ^ 
will  aflfect  the  position  and  not  the  form  of  the  calibration  c\ivvt 
Its  resistance  must  be  small,  relatively,  and  the  influence  of 
teinperature  upon  it  may  be  neglected. 

With  this  device  a  temperature  observation  may  be  taken  in 
less  than  a  minute,  no  time  being  consumed  in  the  preparation 
of  liquids  of  known  temperature  at  the  observing  station  as  in 
the  use  of  the  thermo-j unction  or  the  resistance  coil. 


Art.  XVII. — Impact  Friction  and  Faulting;    by  George  F. 

Becker. 

Bearing  of  Oie  subject, — Some  time  since  I  submitted  certain 
phenomena  of  faulting  to  analysis  and  endeavored  to  show  how 
it  might  happen  that  a  movement  in  the  earth's  crust,  instead 
of  being  confined  to  a  single  surface,  would  be  distributed 
over  a  great  number  of  substantially  parallel  surfaces.*  That 
such  occurrences  are  frequent  is  certam.  They  are  called  step 
faults  by  Mr.  Geikief  and  are  stated  to  be  common  in  the  coal 
fields  bordering  on  the  Forth.  Professor  Heim  has  also  called 
attention  to  similar  instances.^  The  parallel  systems  of  veins 
found  in  a  large  proportion  of  mining  districts,  and  even  some 
forms  of  complex  loaes,  involve  such  a  division  of  the  country. 
Landslides  frequently  show  a  separation  of  the  moving  soil 
into  extraordinarily  regular  sheets  a  foot  or  two  in  thicEness, 
indeed  during  the  spring  of  the  past  year  I  examined  scores 
of  such  slides  in  the  Coast  Ranges  of  California,  some  of  them 
covering  forty  or  fifty  acres  in  extent.  Finally  some  mono- 
clinal  faults  may  probably  be  considered  as  step  faults  where 
the  intervening  masses  are  not  too  broad  to  permit  of  their  dis- 
playing independent  rigidity  and,  for  these  instances  at  least, 
the  relations  between  monoclinal  and  anticlinal  faults  maybe 
elucidated.  It  is  clear  that  the  subject  is  one  of  more  than 
merely  local  importance  and  deserving  of  the  attention  both  of 

*  The  Geology  of  the  Comstock  Lode  (Monograph  U.  8.  GeoL  Survey,  vol.  iii), 
p.  266. 
f  Tert'book  of  Geology,  p.  532.  X  liQc\:^xvvsni>asi  ^«t  ^^\x^^k&sa^. 
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id  from  a  scientific  point  of  view  in  structur&l 
[  those  who  desire  to  take  advantage  of  such  aasiat- 

affords  for  economical  purposes. 
■uasion, — While  tlie  extremely  simple  argument 

bution  of  energy  in  a  system  of  material  sheets 
h  one  another  and  of  the  resulting  geometrical 
waa  offered  in  the  paper  on  faulting  referred  to, 
gidfy  correct,  the  fact  that  iriction  plays  a  iead- 
e  problem  lends  it  a  somewhat  unfamiliar  char- 
ears  desirable,  therefore,  to  subject  friction  itself 
imination  and  to  show  that  a  study  of  the  char- 
brce  leads  to  results  embracing  those  formerly 
:h  of  the  material  which  will  be  presented  in  the 
63  was  prepared  for  my  former  discussion,  but 
^  not  sufficiently  germane  to  the  subject  of  the 
h  it  was  included.  I  shall  Brst  make  an  attempt 
he  distribution  of  energy  in  a  rod,  or  any  other 
lich  the  centers  of  inertia  of  the  members  are 
e  line  of  force,  when  subjected  loan  impact;  next, 
he  results  are  immediately  applicable  to  frictioual 

then  that  the  same  results  may  be  reached  inde- 
iny  hypothesis  na  to  the  nature  of  a  frictional  aur- 
,  these  results  will  be  applied  to  a  characterization 
i  their  application  to  problems  of  atruotnrat  geol- 
dicated. 

telaalic  balla. — Suppose  a  series  of  inelastic  bodies 
I,  arranged  in  a  straight  line,  at  rest  and  uncon- 
the  first  of  these  masses  is  started  at  a  velocity  v 
n  of  its  next  neighbor,  it  will  strike  it,  a  loss  of 
sue,  the  two  will  move  off  together  and  impinge 
),  and  so  on.  The  loss  of  energy  at  each  impact 
nely  easily  calculated  from  the  principle  of  the 
le  center  of  inertia  of  a  system  upon  which  vo 
9  act  If  M  is  the  mass  of  the  moving  body,  the 
'  when  the  first  x  bodies  having  coalesced  and 
J  mass  strike  the  (.r+l)  body  is  say* 

2    x{x+iy 

yf  a  locus  belonging  to  the  class  of  hyperbolic 


ly  Unke  tt  -,       ...  aud  the  difloreooe  o(  these  tmantities  ii  W, 
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curves.  It  is  clear  that  W  does  not  become  zero  until  x  =  od, 
and  consequently  the  energjr  is  distributed  over  an  infinite 
series  of  masses.  The  equation  accounts  for  the  entire  energy 
and  no  more  for 

1  x(x+l) 

This  equation  does  not  accurately  represent  the  distribution  of 
energy  in  the  system  ;  for  when  x  bodies  strike  the  next  in  the 
series,  although  most  of  the  energy  will  be  expended  at  the 
contact,  a  portion  will  be  propagated  backward,  and  work  will 
be  done  at  previous  contacts  as  well  On  the  other  hand,  it 
demonstrates  that  the  distribution  of  energy  in  such  a  system 
may  be  discussed  entirely  apart  from  the  eflfects  which  the 
energy  exerted  at  any  point  produces  upon  the  material  of  the 
system.  If  the  masses  of  the  members  of  the  system  remain 
constant,  their  density  may  vary  regularly  or  irregularly  with- 
out affecting  the  above  equation,  if  two  or  more  of  the  equal 
members  of  the  system  were  joined  together  before  impact, 
this  would  not  in  any  way  aflFect  the  distribution  of  energy,  so 
that  the  equation  holds  good  for  bodies  of  which  the  mass 
varies  regularly  or  irregularly,  provided  that  x  varies  as  the 
mass. 

Distribution  of  energy  in  finite  masses, — The  transmission  of 
energy  in  solids  or  liquids  is  not  instantaneous.  It  follows  that 
if  two  elastic  bodies  of  the  same  material,  but  of  unequal 
length,  meet  one  another,  a  portion  of  the  energy  is  converted 
into  vibration.  This  is  not  the  case  with  inelastic  bodies, 
which  remain  permanently  in  the  condition  of  maximum 
deformation.  The  transmission  of  energy  however  is  extremely 
rapid,  and  Messrs.  Thomson  and  Tait  estimate  that  the  entire 
impact  of  two  balls  a  yard  in  diameter  of  copper,  glass  or 
steel,  occupies  a  period  within  the  thousandth  part  of  a  second. 
I  shall  con-iider  the  transmission  instantaneous.  On  this  sup- 
position the  centers  of  inertia  of  equal  masses  of  a  form  varying 
from  that  of  a  cylinder  will  behave  like  the  centers  of  inertia 
of  such  cylinders,  and  the  distribution  of  energy  among  the 
centers  of  inertia  in  a  rectilinear  series  of  balls  (for  example) 
become  reducible  to  that  in  a  cylinder  of  invariable  cross  sec* 
tion  but  compressible  in  the  direction  of  its  axis.  The  distri- 
bution of  energy  in  a  perfectly  elastic  mass  of  constant  temper- 
ature at  the  moment  of  maximum  compression  is  also  that 
which  would  be  produced  by  the  action  of  a  constant  force  of 
appropriate  intensity  on  the  same  body.  It  represents  too  the 
permanent  eflfect  of  an  impact  upon  a  perfectly  inelastic  masa, 
sojthat  the  solution  of  one  of  these  cases  is  the  solution  of  all 
three. 
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om  ibe  instant  at  which  an  impinging  mass  first  comes  in 
ict  with  a  passive  mass,  to  the  moment  at  which  the  cen- 
>f  inertia  come  to  rest  relatively  to  the  center  of  inertia  of 
ystem,  the  active  and  reactionary  forces  are  in  equilibrium, 
is  manifestly  the  case  for  elastic  bodies,  and  since  during 
period  elastic  and  inelastic  bodies  behave  exactly  alike, 
Stic  bodies  are  reducible  to  a  conservative  system  for  the 
I  period.  The  principle  of  virtual  velocities  is  therefore  con- 
>usly  applicable  and  the  enercy  potentialized  Tor  expended) 
16  two  masses  is  equal  in  absolute  value  ana  opposite  in 
^on.  The  kinetic  energy  at  the  moment  of  maximum 
pression  on  the  other  hand  will  be  uniformly  distributed 
tively  to  the  mass)  over  the  entire  system. 
^tUian  for  finite  compressible  rod. — The  geometrical  methods 
epresenting  energy  are  as  various  as  the  corresponding 
braic  notations,  but  perhaps  the  most  natural  is  that  in 
»h  the  energy  of  a  moving  body  is  made  proportional  to 
volume  of  the  body  and  to  its  energy  per  unit  of  volume. 
he  energy  potentialized  throughout  a  given  volume  were 
ormly  distriouted,  the  quantity  of  energy  potentialized  in  a 
c  unit  would  then  be,  say  tv,  and  that  in  an  infinitesimal 
i  would  be  wdxdydz.  Suppose  a  finite  compressible  cylin- 
at  rest  to  sufier  impact  from  a  second  similar  cylinder 
ing  with  a  velocity  v.  It  will  be  convenienl^  to  consider 
mass  of  the  moving  cylinder  as  2M  and  that  of  the  pas- 
cylinder  as  2nM.  The  entire  energy  potentialized  in  the 
ive  mass  at  the  moment  of  maximum  compression  will  then 

iif    n 

n,  and  the  kinetic  energy  of  the  whole  system  at  the 

e  instant  will  be  — ^ ri-     The  problem  proposed  is  to 

an  expression  for  the  distribution  of  potentialized  energy 
)ughout  the  passive  mass,  or  to  state  w  in  terms  of  x,  K)r 
moment  of  maximum  compression. 

letween  any  two  successive  sections  w  will  be  diminished 
two  quantities,  one  representing  the  kinetic  energy  imparted 
the  mass  between  these  sections,  and  the  other  the  energy 
entialized.  Indeed  these  quantities  may  be  thought  of 
arately  as  if  a  certain  amount  of  kinetic  energy  were  first 
tributed  uniformly  over  the  passive  mass  and  afterward  a 
tain  quantity  of  internal  work  were  done  in  it.  If  the 
gth  of  the  entire  system  is  unity,  the  diminution  of  w  betwen 
nd  x+cfe  due  to  the  uniform  distribution  of  kinetic  energy 

2Mt7*  dx 

1  be  — ^ = .     The  energy  potentialized  between  these 

lits  is  of  course  ivdx^  but  this  quantity  does  not  bear  a  simple 
itjon  to  dw  unless  none  of  the  energy  assumes  l\ie  VvcierUo. 


120        G.  F,  Becker — Impact  Friction  and  Fatdti/ng. 

form,  or  in  other  words,  unless  the  passive  mass  is  infinite: 
Were  this  the  case  w  would  be  diminished  by  and  could  be 
diminished  only  by  wdx ;  and  dw^wdx^  the  differential  equation 
of  the  simple  logarithmic  curve.     But  when  a  portion  of  the 
energy  imparted  to  the  section  at  x  reappears  as  Kinetic  energt, 
dw  must  have  a  greater  negative  valua     The  equation  mi^t 
be  written  rfu;=  —  ivdx—Qjdx^  but  here  Q  must  be  some^anction  of 
w.    Now  it  is  an  elementary  condition  of  equilibrium  in  the  ease  : 
under  discussion  that  for  a  given  displacement  at  any  section,  ^ 
say  the  one  at  x,  the  energy  potentialized  between  this  section  i 
and  ihe  free  end  of  the  rod  shall  be  a  minimum,  so  that  if  a  is  i 
the  value  of  x  for  this  end  of  the  rod  i 


/■ 


■n 


wdx  =  min. 


This  minimum  must  have  its  maximum  value  when  the  entire  ^ 

energy  is   potentialized  or  when  a  =  oo.      But  if  rfi^=— wfci 

and  a  (or  n)  is  infinite  ;^ 

^'     ,  dw  ^ 

wax=:z' 


/• 


dx' 

so  that  the  infinite  rod  being  merely  an  extreme  case  of  t 
finite  one,  the  integral  for  finite  a  must  be  less  than  — duj/dxby 
a  value  which  disappears  when  the  kinetic  energy  of  the  system 
at  the  mom^t  of  maximum  compression  is  zero.  The  effect 
of  the  uniform  distribution  of  kinetic  energy  upon  the  value 
of  dw  has  already  been  traced  and  the  equation 


/ 


dw      Mv*    1 


dx         2    n+V 

therefore  fully  accounts  for  both  the  kinetic  and  the  potential- 
ized ener>2:y.  For  x=a,  w  must  disappear,  and  this  definite 
integral  may  therefore  be  written  C^/wdx.  Introducing  thi* 
value  and  differentiating 

d^w 

If  an  arbitrary  unit  of  measurement,  c,  is  adopted  in  this  equa- 
tion and  w  and  x  are  each  divided  by  it, 

which  leads  without  difficulty  to 

?(7=A£"*/^+B£+''/^' 

where  A  and  B  are  arbitrary  constants  to  be  determined  both 
in  sign  and  value  by  the  conditions. 

Determination   of  constants  for  general  case, — For    the   free 
extremity  of  the  passive  mass  m;=0  and  therefore 
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Here  c-s^A  is  independent  of  A,  and  the  latter  retains  the  same 
nine  eren  when  a  s  oo,  or  when  the  passive  mass  is  infinite. 
b  this  case  of  coarse  the  entire  ener^  of  the  system  is  poten- 
tUiied  (or  expended  if  the  material  is  inelasti^.  If  m  is  the 
MSB  which  the  unit  volume  would  possess  were  it  compressed 
ft)  the  density  which  the  impact  produces  at  the  face  of  the 
iefinite  rod  and  if  c  is  so  chosen  that  cm=M 


/ 


®  mw*c 


todb=:Ac=~ 


or  w=_-«-«A. 

It  will  be  convenient  to  retain  for  c  the  signification  which  it 
asames  when  the  passive  mass  is  infinite  bemuse  of  the  simple 
relations  which  it  then  bears  to  the  energy  of  the  impinging 
body.  The  unit  chosen  in  any  case  is  of  course  entirely 
aibitrary,  but  the  results  are  much  simplified  by  establishing 
•me  rational  relation  between  the  units  adopted  for  different 
ewes.  Let  the  product  of  the  entire  energy  potentialized  in 
any  ease  into  the  corresponding  unit  be  a  constant;  then  if  Y 
ii  the  energy  potentialized  in  an  infinite  rod,  and  Y,  the  energy 
potentialized  in  a  finite  rod,  Yc= Y^c^,  or 

n  +  1 
*         n 
to  that  the  equation  for  a  finite  rod  may  be  written 

Now  for  n  =  OD,  c^^c^  and  therefore  the  value  of  A  already 
band  is  valid  for  the  new  equation.     From 

I  follows  that 

/■^=2|:£.(,..-.A.)-=^'„-|j. 

Eteintroducing  the  value  of  c  in  terms  of  c,,  it  will  readily  be 
leen  that 

I  value  which  can  also  be  otherwise  obtained.     This  also  gives 

The  equation  of  the  distribution  of  energy  in  a  finite  rod, 

Am,  Jovs.  Scl^Tbisd  SsBoa,  Vol,  XXX,  No.  176.— A^uq^tiot,  Ift^'b. 

8 


122        O.  F,  Becker — Impact  FricUon  wnd  FauUvrig. 

the  contact  being  taken  as  origin,  may  therefore  be  written 

If  the  origin  is  transferred  to  the  free  extremity  of  the  rod  by 
substituting  x+a  for  ar,  this  becomes 

w= • 

2  n  +  1  'a 

If  -^  is  taken  as  the  unit  of  energy  and  c,  as  the  unit  distance,    j 

a  form  of  very  satisfactory  simplicity.     If  n=l  c,=2c,  or  the   " 
length  which  the  entire  impinging  mass  would  assume  were  it 
uniformly  compressed  to  the  density  at  the  contact  when  the 
passive  mass  is  infinite. 

In  the  following  diagram  the  area  marked  —    is]  the  energy 

potentialized  in   the  passive  mass,  or  half  the  entire  enei^ 
potentialized  in  the  system. 


1 


When  the  mass  2M  strikes  the  mass  272M  the  kinetic  eneigr 
of  the  entire  system  at  the  moment  of  maximum  compressioa  j 
is,  say  ^ 

2      n-fl  2  2       *  \  '         1 

and  this  is  manifestly  twice  the  integral  of  the  area  marked  ! 

T 

■5-  in  the  diagram.     If  T^  is  the  kinetic  energy  of  the  passive 

mass  alone  at  this  moment,  it  is  readily  seen  that 

If  V  is  the  energy  potentialized  in  the  entire  system  and  E 
the  total  energy,  the  fundamental  energy  equation 

V=E-T, 

00  0 

becomes        2/wdx^:z—-—    /e^^/^'dx — ^^^    /l^A^cfa. 

t/  w+l  J  n+1  J 


2  2     n-Vl 
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Oast  of  the  atmosphere. — A  peculiar  case  arising  under  the 
general  equation  is  that  in  which  the  passive  body,  though  of 
finite  mass  is  of  infinite  volume,  and  therefore,  in  its  uncom- 
pressed state,  of  infinite  tenuity.  Here  the  value  of  a  being 
infinite,  the  coefficient  B  disappears  and  the  equation  assumes 
the  simple  logarithmic  form.  The  value  of  the  energy  at  the 
contact,  however,  cannot  be  aflFected  by  the  fact  that  there  is  no 
limit  to  the  expansion  of  the  material.  A  therefore  assumes 
the  value 


and  the  base  of  the  equation  diminishes  in  such  proportion  as 
to  giye  the  correct  in!iegral.  If  c,  is  the  exponential  constant 
for  this  case 


m.v*       mu*    en 


2     "       2    n+1 

w+1 


n+2 


2  ""2     (n+1)'* 


(»+l)e 


For  a  perfect  gas  under  the  compression  produced  by  the 
impact  of  a  body  of  its  own  weight  n=l.  The  value  m,  is  the 
^tual  mass  of  the  unit  volume  at  the  contact  of  the  masses, 
^d  c,  is  one-half  the  length  which  the  volume  of  gas  would 
We  if  uniformly  compressed  to  rn,. 

The  average  stress,  due  to  the  elasticity  of  a  solid,  when 
strained  from  its  natural  condition  to  that  of  a  given  strain,  is 
just  half  the  stress  required  to  keep  it  in  this  state  of  strain.* 
If  the  energy  potentialized  in  the  passive  mass  by  an  impact 

at  the  moment  of  maximum  compression  is  —  the  effect  of  a 

constant  force  of  corresponding  intensity  would  be  to  potentialize 

an  energy  — ^   where  v,=^.     If  a  column  of  uncompressed 

gas  possessing  the  mass  of  a  column  of  the  atmosphere  of  the 
same  section,  were  to  strike  the  earth  at  a  velocity  ^,  the  average 

potentialized  would  be  -— -.     This  is  four  times  of  the  energy 

actually  potentialized  in  the  atmospheric  column.  In  general 
if  the  energy  diagram  for  the  impact  of  a  mass  2M  moving  at 
a  velocity  v  and  impinging  upon  a  mass  2nM  is  reduced  to  half 
Its  dimensions,  or  if  it  is  interpreted  in  terms  of  a  unit  twice 
that  used  in  plotting  it,  the  result  is  the  distribution  of  energy 

•  Thomson  k  Tait,  Nat.  Phil,  §  674. 
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due  to  the  aotion  of  a  constant  force  Mv  on  the  mass  %M,  If 
p  is  the  pressure  at  any  point  and  s  the  strain,  we  have  in  geDeral 

If  the  stress  and  strain  are  in  a  constant  ratio,  say  k^  ds^kdp 

and 

kp* 

2 

If  p^  is  the  value  of  2?  for  the  contact  plane  of  the  nsasses.  and 
Wq  the  value  of  the  energy  for  the  same  surface, 

w:v}^=ip*:p^\ 
For  the  atmosphere  therefore 

JP=JPo« 

Here  c ,  as  already  pointed  out,  is  half  the  height  which  the 
atmosphere  would  have  were  it  uniformly  compressed  to  the 
density  at  the  bottom  of  the  column;  2c,  is  therefore  the 
familiar  '^  height  of  the  homogeneous  atmosphere,''  and  the 
equation  is  the  barometric  formula,  introduced  nere  merely  as  a 
check  upon  the  reasoning. 

Case  of  a  rivet — If  the  coefficient  B  is  positive  instead  of 
negative  the  entire  energy  will  be  potentialized  within  finite 
limits.  This  is  possible  only  when  the  passive  mass  is  sub- 
jected to  two  impacts  in  opposite  directions,  or  when  it  rests 
against  an  infinite  mass  which  may  be  regarded  as  rigid.  Id 
this  case  one-half  of  the  entire  energy  will  be  potentialized  in 
the  finite  passive  mass.  The  general  eauation  shows  that  the 
energy  is  to  be  considered  as  imparted  to  the  passive  maa 
from  opposite  directions,  and  it  is  evident  that  the  re^t  is 
the  same  as  it  would  be  if  the  energy  were  first  distribated 
over  an  infinite  mass,  and  the  energy  potentialized  beyond 
x=a  were  then  restored  to  the  finite  cylinaer  from  the  opposite 
direction.  The  equation  may  therefore  at  once  be  written  for 
the  contact  as  origin 


,=^'^e-«/c+B«*AY 


This  curve  must  be  horizontal  at  some  point,  say  a:=a,  and  if 

dw/dx  is  made  equal  to  zero  B=e"^^/^  .      According    to  the 
preceding 

a 


"*  00 

y;-2aA  e'/'dx=f€'''/'dx. 


which  gives 

Now  in  a  former  paragraph  it  was  shown  that 
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aDd  this  gives  an  expression  for  c^^^  which  makes 

£^«/^  =(n+l)^'((^+l)^-l). 

If  the  ori^n  is  removed  to  the  base  of  the  ordinate  of  the  hori- 
zontal pomt  of  the  curve  the  equation  may  be  written 


=&■      10  = 


mtr  € 


mv 


-x/c^^z/e 


2     ^a/2c^^a/c_i)i 


mv 


f-^A+e*/^ 


^      (n+l)-sr((n+l)~-l) 

the  equation  of  a  ^'  projected  catenary.'*  If  the  strain  is  pro- 
portional to  the  stress,  this  correspondis  to  the  form  assumed  by 
■  eold  rivet,  and  it  is  under  this  law  that  the  head  of  a  drill 
nraids  in  ase.  For  n=l  the  equation  assumes  the  simple 
finn 


w=  mv'  «-'/<' +  €*A 


2  2^3 

Api^eaiion  to  ineompresaibk  masses. — The  problem  of  the  dis- 
tribution of  energy  in  a  finite  or  infinite  cylinder,  compressible 
m  the  direction  cu  its  axis  only  and  subjected  to  an  impact  or  a 
eoDStant  force,  thus  appears  capable  of  entirely  satisfactoiy 
nlation  on  the  supposition  that  the  transmission  of  energy  is 
jutantaneoua  The  conditions  as  to  compressibility  answer  to 
those  of  a  gas  confined  in  a  rigid  cylinder  and  are  not  those  of 
nlida.  But  since  solid  masses  act  as  though  concentrated  at 
tteir  centers  of  inertia,  the  formulas  deduced  are  applicable  to 
tte  positions  of  the  centers  of  inertia  of  incompressible  elastic 
or  inelastic  bodies.  They  therefore  also  represent  completely 
the  distribution  of  energy  in  incompressible  rods  capable  of 
lateral  deformation  for  infinitely  small  strains  produced  by 
impact,  and  approximately  for  small  but  finite  strains.  For 
constant  forces  acting  in  parallel  lines  or  from  a  center  at  an 
mfiaite  distance,  in  short  when  the  equipotential  surfaces  are 
pfaiues,  the  equations  appear  to  represent  the  distribution  of 
energy  even  for  finite  strains. 

The  character  of  the  divergence  when  the  equipotentials  are 

not  planes,  or  for  central  forces,  is  best  seen  by  taking  the 

extreme  case  of  an  impact  acting  at  a  point  in  the  center  of  a 

tbin  sheet  of  elastic  or  inelastic  material.      Here  the  energy 

rll  be  distributed  at  right  angles  to  the  direction  of  the  impact, 

ind  the  mass  of  matter  over  which  it  is  distributed  instead  of 

iocreasing  with  x  will  increase  with  ;rr".    If  this  area  \r  d^wo\.^ 

bjz,  ana  if  the  sheet  is  supposed   infinitely  t\\\n  or  ol  ?vt\\\.^ 
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thickness  and  infinitely  little  strained,  the  distribution  of  ener 
will  be  represented  by 

ci   ""  n+1 

The  resulting  depression  will  be  a  figure  of  revolution,  and 
the  strain  and  stress  are  simply  proportional,  the  curve  gen 
ating  this  figure  will  be  of  the  form 

c,^        n-fl 

This  result  can  be  at  least  qualitatively  tested  by  experime 
For  this  purpose  I  clamped  a  thin  sheet  of  elastic  ruobert 
block  of  wood  by  a  metal  ring,  and  inserted  a  pointed  inst 
ment  from  beneath  the  block  through  a  vertical  hole  at  1 
center  of  the  ring.  The  rubber  was  of  course  strained 
conoidal  shape,  which  was  more  or  less  sharply  pointed  acco 
ing  to  the  pressure.  It  was  found  that  the  generating  can 
for  various  pressures  sensibly  coincided  with  curves  plott 
from  the  above  equation  for  various  values  of  n.  A  form 
the  same  character  must  be  produced  when  a  pointed  inati 
ment  is  being  driven  through  a  metallic  sheet,  just  before  pe 
etration. 

It  is  now  easy  to  nee  the  general  character  of  the  deformati 
which  takes  place  when  two  spheres  strike  one  another, 
the  sphere  is  supposed  divided  into  segments  of  equal  massi 
planes  at  right  angles  to  the  direction  of  the  impact,  and  ea 
mass  is  considered  as  concentrated  at  its  center  of  inertia  t 
energy  potentialized  will  be  distributed  among  these  centers 
in  a  compressible  finite  cylinder.  The  plane  section  howev< 
will  not  remain  plane  but  will  be  indented  in  the  direction 
the  force.  At  the  point  opposite  that  at  which  impact  tak 
place,  the  surface  will  remain  spherical  while  the  contact  of  t 
two  spheres  will  be  a  plane.  An  exact  analysis  of  this  cf 
would  probably  be  somewhat  complex. 

J^eet  of  imperfect  reititution. — Certain  comparisons  m 
easily  be  made  between  the  behavior  of  totally  inelastic 
totally  elastic  bodies  as  hitherto  treated  and  actual  mat 
which  is  neither  absolutely  elastic  nor  perfectly  plasi 
Except  under  conditions  which  cannot  be  realized  in  practi 
a  portion  of  the  energy  received  by  any  one  of  a  series 
boaiea  from  an  impact  is  always  expended  in  internal  wo 
l^fewton  found  that  when  the  impact  is  not  violent  enough 
ace  sensible  permanent  deformation,  the  relative  veloc 
impinging  bodies,  after  impact  bears  a  proportion  to  tl 
ative  velocity  before  impact  which  is  constant  for  the  sa 
o  bodies.      It  is  well  known  that  at  least  a  part  of 
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energy  iK>t  returned  must  be  employed  in  producing  elastic 
vibrations  of  the  body  struck.  Messrs.  Thomson  and  Tait 
therefore  call  the  coefficient  representing  the  relation  of  the 
velocities  the  coefficient  of  restitution  instead  of  the  coefficient 
of  elasticity  as  it  has  commonly  been  designated.  If  this 
coefficient  is  e,  the  coefficient  of  energy  potentialized  is  express- 
ed by  1  -  ^.  If  an  infinite  series  of  bodies,  say  spheres,  not 
wholly  inelastic,  receive  an  impact  they  will  be  compressed  as 
if  totally  without  elasticity,  a  portion  of  the  energy  received 
by  each  will  be  expended  in  permanent  deformation  and  in 
vibration  and  each  will  recoil  with  less  force  than  that  with 
which  it  was  compressed.  Now  if  e  is  constant  for  the  system, 
the  same  proportion  of  the  energy  received  by  each  member 
d  the  system  (viz:  1— e')  will  be  expended  in  it;  and  as  the 
qaantities  of  energy  received  stand  as  has  been  shown  in  a 
^metrical  ratio,  so  also  will  the  quantities  of  energy  ex- 
pended. The  coefficient  e  is  not  constant  for  partially  elastic 
bodies  and  so  far  as  I  know  it  has  been  but  little  studied. 
There  is  reason  to  suppose,  however,  that  it  varies  slowly  with 
the  velocity  and  that  it  is  therefore  approximately  the  same  for 
similar  bodies  within  considerable  ranges  of  velocity. 

Passage  tofrictional  sheets. — Having  discussed  the  distribution 
of  energy  in  a  finite  or  infinite  system  when  the  centers  of 
inertia  are  rectilinearly  arranged  in  the  direction  of  the  active 
force  and  endeavored  to  check  the  results  by  reference  to  ex- 
perience, I  now  pass  to  the  application  of  these  results  to 
friction.  Impinging  bodies  may  be  given  any  desired  form 
under  proper  restrictions.  Suppose  for  example  a  series  of 
inelastic  plates  like  the  following  : 


f]         I  i£3         I  =f] 


let  them  be  restricted  to  motion  in  horizontal  planes  and  pass 
oyer  one  another  without  friction.  If  the  first  of  this  series  is 
itarted  in  the  direction  of  its  neighbor  and  the  system  is  left  to 
itself,  the  momentum  will  remain  constant,  the  energy  intro- 
duced into  the  system  will  be  distributed  over  the  whole  infi- 
nite series  and,  in  short,  the  distribution  of  energy  in  a  direc- 
tion vertical  to  the  line  of  motion  will  be  exactly  the  same  as 
it  has  been  found  to  be  for  a  rod  in  the  line  of  force.  Instead 
of  a  single  lug  at  the  extremity  of  a  sheet  an  indefinite  number 
of  small  teeth  may  be  supposed  to  be  distributed  over  the  sur- 
faces of  the  sheets,  and  if  these  teeth  are  very  minute  in  size 
and  very  numerous,  a  frictional  surface  as  I  understand  it  is 
the  result.  It  might  for  an  instant  seem  an  objection  to  this 
supposition  that  as  such  sheets  pass  over  one  another  the  teeth 
will  be  ground  off  and  the  frictional  resistance  will  diminish. 
This  hot  however  affords  an  argument  in  favor  oi  tXie  U\x.\)£i 
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of  the  conception,  for  it  is  well  known  that  machines,  however 
well  finished,  tend  to  beat  until  the  bearings  have  adjusted 
themselves  to  one  another.  The  friction  cannot  be  indefinitely 
reduced  by  this  mutual  action  because  the  dust  produced  by 
the  abrasion  is  sufficient  to  cause  constant  fresh  inequalities  in 
the  surfaces.**^  The  character  here  attributed  to  a  frictioDal 
surface  is  substantially  that  which  various  writers  have  assigned 
to  it ;  some  of  the  logical  results  however  seem  to  me  to  have 
escaped  attention. 

[To  be  coDtiDued.] 


Akt.  XVIII. — A  Standard  of  Light  ;\  by  John  TBOWBRlDGt 

The  discussions  in  the  Paris  Conference  of  1881-84  upon  the 
subject  of  a  standard  of  light,  which  resulted  in  the  adoptioD 
of  the  light  emitted  by  a  surface  of  platinum  at  the  point  of 
solidification,  seemed  to  assort  ill  with  the  discussions  which 
led  to  a  reaffirmation  of  the  value  of  the  C.  G.  S.  system  of 
absolute  physical  units,  and  a  recognition  of  the  relations 
between  work  and  heat,  and  electrical  energy. 

The  solidification  point  of  platinum  may  be  a  fixed  point  in 
nature ;  but  it  has  not  been  shown  how  this  fixed  point  can  be 
connected  with  the  great  web  of  physical  measurements  which 
has  been  woven  by  Weber,  Helmholtz,  Thomson,  Maxwell, 
and  other  physicists.  It  is  true  that  during  the  discussions  of 
the  Conference  reference  was  made  to  a  proposition  of 
Schwendler,  that  the  light  emitted  by  a  strip  of  platinum 
rendered  incandescent  by  a  known  electrical  current  should  be 
taken  as  a  standard.  This  proposition,  however,  received  little 
support;  and  the  Conference  finally  adopted  the  light  emitted 
by  solidifying  platinum  as  a  standard. 

It  seems  highly  desirable  that  any  standard  of  light  which 
may  be  adopted  should  be  connectea  with  the  present  system 
of  absolute  measurements.  The  suggestion  of  Schwendler, 
therefore,  seems  to  merit  more  attention  than  it  has  received. 
The  suggestion  of  employing  the  light  from  a  strip  of  platinum 
rendered  incandescent  by  an  electrical  current  is  really  due  to 
Dr.  John  W.  Draper,  of  New  York,  who  in  1847  enunciated  it 
as  follows:  **A  surface  of  platinum  of  standard  dimensions 
raised  to  a  standard  temperature  by  a  voltaic  current  will 
always  emit  a  constant  light.     A  strip  of  that  metal  one  inch 

*  As  I  pointed  out  in  my  former  paper,  page  158,  the  friction  of  ideally  lubri- 
cated surfaces,  in  which  the  solid  surfaces  do  not  come  in  contact,  is  a  veiy 
different  matter.    The  statement  as  there  given  has  since  been  amply  confirmed^ 
by  the  report  of  a  committee  o!  the  Bntiah  A.%aoc\%t.\otv. 
/  Read  before  the  American  Academy  ot  Kit^  wi^^>ca»M«%,'^^l  'iA^^'^^. 
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and  one-twentieth  of  an  inch  wide,  connected  with  a  lever 
hich  its  expansion  might  be  measured,  would  yield  at 
^  a  light  suitable  for  most  purposes."* 
bas  been  urged  against  this  standard  that  different  speci- 
of  platinum  will  emit  different  amounts  of  light  with  the 
difference  of  potential ;  and  that  it  would  be  difficult  to 
out  a  measurement  of  the  light  and  the  strength  of  the 
nt  all  at  the  same  instant.  With  a  view  to  obtaining  a 
'^ledge  of  the  practical  difficulties  in  this  measurement,  I 
posed  a  fine  platinum  wire  between  the  poles  of  a  battery, 
mdeavored  to  measure  the  light  emitted,  together  with  the 
ence  of  potential  at  the  extremities  of  the  wire  and  the 
mt  of  current  which  passed  through  a  taneent  salvano- 
r.  The  difficulties,  however,  in  using  a  fine  jpatinum 
with  a  moderate  battery  power  were  great.  The  wire 
d  fuse  before  the  measurements  could  be  satisfactorily 
f.  I  then  employed  a  strip  of  platinum  foil  5""  wide, 
t  6*"  long,  and  about  '02""  in  thickness.  This  was  placed 
shunt  circuit  of  a  small  G-ramme  machine  in  order  that  if 
strip  should  fuse  the  dynamo  machine  might  not  race. 
1  the  proper  speed  and  a  suitable  adjustment  of  resistances, 
ight  from  this  platinum  strip  could  be  maintained  very 
ant 

le  strip  was  placed  in  a  long  Bitchie  photometer  box, 
h  was  provided  with  two  mirrors  inclined  according  to  the 
of  Ritchie.  One  half  of  the  photometer  disk  was  ilium- 
d  by  the  incandescent  strip,  and  the  other  half  by  a  sperm 
le. 

le  electrical  current  was  measured  by  a  tangent  galvano- 
r  of  which  the  reduction  factor  was  "44  in  the  C.  G.  S. 
m.  The  difference  of  potential  at  the  ends  of  the  strip  was 
ured  by  a  Thomson  quadrant  electrometer,  the  deflections 
bich  were  compared  with  that  of  a  Daniell  cell,  the  electro- 
de force  of  which  was  approximately  I'OO.  A  Thomson 
aeter  was  also  used.  The  indications  of  this  instrument 
sd  with  those  of  the  electrometer.  The  following  table 
}  the  deflections  of  the  instrument : 


Light  the  color  of  a  candle. 


ctiOD  ofTaDjrent  Qalya- 
nometer  in  Degrees. 

Deflection  of  the  Electro 
meter  in  Centlmetera. 

63 

5-3 

Lig: 

61 

4-9 

59 

4-6 

57 

4-3 

54- 

5 

3.8 

53- 

76 

3-4 

Lis] 

Light  very  dull  red. 
•ne  Daniell  cell  gave  a  deflection  with  the  electrometer  of 

*  Sdenti&c  Afemoirs,  p.  45. 
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1'3^.  The  resistance  of  the  platinum  strip  when  cold  \< 
of  an  ohm.  It  will  be  seen  from  the  above  results  tha 
current  varied  approximately  from  8  to  6  webers,  with  an 
tromotive  force  of  from  3*8  to  2*6  volts,  while  the  resis 
varied  from  *47  to  '44  of  an  ohm,  the  resistance  when 
being  *2  of  an  ohm.  The  range  of  the  indications  of  the 
trical  instruments  was  comparatively  small,  while  the 
varied  enormously.  It  is  evident  that  the  chief  difficul 
this  method  is  in  measuring  a  strong  current  with  acca 
for  an  increase  in  the  current  represented  by  a  fraction 
degree  of  the  tangent  galvanometer  will  result  in  a  very 
increase  in  the  light  from  the  incandescent  strip. 

I  next  endeavored  to  ascertain  if  a  thermal  junction  enc 
in  an  Edison  incandescent  lamp,  at  the  center  of  the  cj 
loop,  would  be  sensitive  to  changes  in  the  heat  radiation  c 
lamp.  It  is  evident  that,  if  this  were  the  case,  the  carboc 
mignt  be  raised  to  the  same  point  of  incandescence  in  si 
sive  times,  assuming  that  the  thermal  junction  at  this  po 
incandescence  receives  the  same  amount  of  radiant  en 
Mr.  Edison  kindly  provided  me  with  a  lamp  in  whicl 
thermal  junction  of  an  alloy  of  iridium-platinum  and  plat 
was  inserted  at  the  center  of  carbon  loops.  The  other  jut 
was  placed  in  ice  and  water.  The  thermo-electric  force  o 
combination,  however,  was  extremely  feeble.  The  diflB 
of  inserting  wires  of  other  metals  into  glass  prevented  me 
carrying  this  idea  further.  Instead  of  the  thermal  junci 
small  loop  of  extremely  fine  platinum  wire  was  placed  \ 
center  of  a  carbon  loop  in  an  Edison  lamp.  Tnis  fine 
constituted  a  bolometer  strip  and  made  one  branch  of  a  \^ 
stone's  bridge,  it  being  my  intention  to  place  a  similar  st 
another  branch  of  the  bridge,  thus  making  a  bolometer, 
lamp  was  placed  in  a  photometer  box,  and  its  light  was 
pared  with  that  of  a  candle  as  it  was  raised  from  a  red  gl 
a  light  of  fifteen-candle  power.  At  the  same  time  the  : 
ance  of  the  fine  platinum  wire  was  measured  by  a  Wheats 
bridge.     The  following  table  gives  the  results : 


Beslsunce  of  the 
Strip  In  Ohms. 

Distance  of  Carbon  Lamp 
from  Photometer  Disk. 

OUUnce  of  Candl 
Photometer  0 

14-42 

YQcm 

40cm 

14-46 

85 

40 

14-65 

98 

40 

14-62 

108 

40 

This  method  seems  to  be  quite  sensitive.  The  char 
resistance  is  large  when  estimated  by  the  number  of  ohm 
essary  to  restore  a  balance  to  the  bridge.  It  was  notice( 
at  a  certain  point  a  comparatively  small  increase  in  heat 
tions  was  accompanied  by  a  \aTg^^  vJti^xi^^  \^  >Xi^  ^xsj^a 
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light  emitted.  This  phenomenon  had  been  noticed  early  by 
I)r.  J.  W.  Draper.  One  Leclancb6  cell  with  five  ohms  in  the 
dreait  beside  the  resistance  of  the  strip  was  sufficient  to  raise 
(hB  latter  to  a  red  beat,  and  precautions  were  then  necessary  to 
pferent  a  change  of  resistance  from  the  heating  effect  of  the 
battery  employed  with  the  Wheatstone's  bridge.  Being  desir- 
ous <H  ascertaining  whether  the  resistance  of  tne  platinum  wire 
cbiDged  after  it  had  been  heated  to  a  red  heat  and  had  been 
allowed  to  cool,  I  arranged  the  resistance  of  the  battery  circuit 
oatride  the  bridge,  so  tnat  the  wire  could  be  raised  to  a  red 
Iieat,  and  then,  having  quickly  weakened  the  battery  circuit, 
roineasured  the  resistance  of  the  strip.  No  difference  could  be 
neroeived  in  the  resistance' of  the  strip.  This  illustrated  the 
net  dinoovered  by  Professor  Langley,  that  thin  strips  of  metal 
arranged  as  bolometer  strips  give  up  heat  very  quickly. 

The  results  of  this  experiment  led  me  to  think  that  a  bolo- 
mater  atrip  of  definite  surface  could  be  placed  at  a  fixed 
dittanee  fiK>m  a  carbon  loop  of  definite  dimensions  inside  an 
axhaosted  glass  vessel.  Tne  amount  of  radiation  which  the 
bolometer  strip  receives  could  be  calculated;  and  we  might 
base  our  standard  of  light  upon  the  point  of  incandescence 
which  would  give  a  definite  radiation  at  a  fixed  distance.  We 
ooald  not  distinguish  by  this  method  the  energy  produced  by 
nya  of  different  refrangibility.  It  seems  desirable,  however, 
to  substitute  for  the  uncertain  estimation  of  colored  lights  by 
tha  eye  an  instrument  which  will  measure  the  energy  produced 
by  the  radiating  source  at  a  certain  distance.  Within  certain 
limits  I  found  that  the  bolometer  strip  would  indicate  an 
increase  or  decrease  of  the  amount  of  radiant  energy  received 
while  the  difference  in  color  of  the  incandescent  lamp  made 
the  observer  at  the  photometer  entirely  uncertain  of  his  meas- 
nrraients. 

Owing  to  the  difficulty  of  obtaining  the  proper  apparatus  for 
the  prosecution  of  the  study  of  this  methoa,  I  then  studied  the 
question  of  the  practicability  of  employing  a  thermopile  to 
meaaure  the  amount  of  radiation  from  an  incandescent  strip  of 
platinum  at  a  fixed  distance.  Within  a  long  photometer  box 
was  placed  a  thin  brass  vessel  containing  water.  Steam  was 
paased  by  means  of  a  rubber  hose  into  the  water  of  this  vessel 
which  was  thus  maintained  at  a  constant  temperature  of  about 
94^  C.  The  outside  of  the  vessel  was  about  92''  C.  This  was 
ascertained  by  making  the  side  of  the  vessel  constitute  one 
metal  of  a  thermal  junction.  Between  this  vessel  and  the  pla- 
tinnm  strip,  which  was  made  incandescent  by  a  current  of 
from  8  to  9  webers,  was  placed  a  thermopile.  The  face  of  the 
thermopile  was  thus  exposed  to  the  radiation  from  a  given 
MiDoaDt  of  heated  surface  at  a  constant  temperature^  7?\i\V^  Xkv^ 
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other  was  exposed  to  the  radiation  of  a  given  surface  of  pli 
num.     The  faces  of  the  thermopile  were  provided  with 
customary  cones,  and  a  series  of  diaphragms  of  thick  card-bo 
extended  between  the  radiating  suitace  of  the  vessel  contain 
the  heated  water  and  the  platinum  strip.     The  thermopile  \ 
connected  with  a  short  coil  galvanometer,  and  was  moved  ui 
the  galvanometer  needle  came  to  zero.     This  arrangement  \ 
extremely  sensitive — a  movement  of  a  centimeter  in  the  p 
tion  of  the  faces  of  the  pile  being  sufficient  to  drive  the  spot 
light  from  the  galvanometer  mirror  off  the  scale,  correspond 
to  a   movement  of    nearly   fifty   centimeter  scale    divisic 
There  is  no  difficulty  in  effecting  a  balance  as  quickly  as 
ordinary  photometric  measurement  is  made.     While  one 
server  compares  a  candle  or  other  source  of  light  with  the  li| 
from  an  incandescent  strip  of  platinum,  another  could  mi 
the  measurements  with  the  thermopile,  and  could  obtain 
amount  of  energy  radiated  by  the  incandescent  strip  in  ter 
of  the  constant  source  of  heat.     It  is  necessary  to  reverse 
faces  of  the  thermopile,  or  to  place  a  second  constant  source 
heat  on  the  same  side  upon  which  the  incandescent  strip 
placed.     The  following  table   indicates  the  character  of 
results : 


tectloD  of 
1  Tangent 
'anometer. 

Tempera- 
ture of 
Water. 

Distance  of 
Face  of  Pile 
ftom  "Water. 

Distance  of 
Face  of  PUe 
from  Strip. 

Remarks. 

0 

°C. 

cm. 

cm. 

57-6 

95 

26-5 

49-5 

Dull  red. 

56-5 

95 

28-0 

48 

61 

96 

25-5 

50-5 

Bright  yellow 

62-5 

96-5 

24-5 

51-5 

(i           (( 

62-5 

96 

23-0 

53 

i(           i( 

60-5 

97 

25-7 

50-3 

((                 u 

58-5 

97-5 

26-7 

49-3 

u              u 

60 

95 

24-2 

51-8 

it                <( 

62-2 

94 

23-7 

52-3 

ft(                     (C 

The  reduction  factor  of  th^  galvanometer  was  '44  in  i 
C.  G.  S.  system.  When  the  photometric  indications  were  i 
same,  the  thermopile  indicated  a  large  change  in  the  amoi 
of  heat  received.  Thus  the  heat  indications  within  the  rar 
in  which  the  experiments  were  taken  were  far  more  sensit 
than  the  photometric  indications. 

It  seems  possible,  therefore,  to  assume  as  a  standard  of  li| 
an  incandescent  strip  which  radiates  a  definite  amount 
energy,  this  energy  being  measured  at  a  fixed  distance  wh 
will  best  agree  numerically  with  the  absolute  system  of  m( 
ures  now  universally  adopted  in  heat  and  electricity.  T 
OTetbod  of  Draper  and  Schwendler  could  be  combined  with 
methods  I  have  described  above.    ¥ot  ^^x^^\Im5»X  ^\».^^'?>x 
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loop  in  an  exhausted  vessel  raised  to  such  a  point  of 
fleenee  that  it  will  radiate  a  definite  amount  of  energy — 
ergy  being  measured  by  a  bolometer  strip  or  the  ther- 

at  a  definite  distance  from  the  carbon  loop,  and  also 
leasnred  by  the  formula  JHs:C*iU,  would  have  a  greater 
ban  an  incandescent  strip  of  platinum  placed  in  n^  air. 
tter  method,  however,  for  the  incandescence  which  pro* 
I  light  similar  in  color  to  that  of  a  sperm  candle,  is 
sly  sensitive,  and  can  be  made,  I  think,  more  exact  than 
photometric  tests.  Both  methods  have  the  great 
ige  of  substituting  a  measure  of  energy  for  a  relative 
ion  by  the  eye,  which  is  not  connected  with  any  absolute 
ement 

e  remarks  apply  to  the  question  of  a  standard  of  light 
3tical  purposes,  which  shall  also  be  scientific  in  so  tar 
ore  refined  scientific  investi^tion  can  connect  this 
d  at  any  time  with  more  precise  methods  of  measuring 
iCt  amount  of  heat  ffiven  by  radiations  of  definite  wave- 
By  means  of  a  Rowland  concave  grating  and  with  a 
ter  strip,  one  can  at  present  measure  the  energy  of 
;  radiations.  We  can  say  that  our  scientific  standards 
It  of  difibrent  colors  shall  be  based  upon  the  energy 
i  upon  a  definite  surface  at  definite  points  in  the  diffrac- 
sctrum. 

3D  Physical  Laboratoiy,  Harvard  College. 


^IX. — On  Hankaite^  a  new  anhydrous  sutphato-carbanaie 
iium^  from  San  Bernardino  County,  CaUfomia  ;*  by  Wm. 
L  Hidden. 

he  very  complete  and  attractive  exhibit  of  California 
Is  brought  to  the  World's  Industrial  and  Cotton  Centen- 
LDOsitioD  at  New  Orleans,  by  Professor  Henry  G.  Hanks, 
uneralogist  of  California,  were  several  species  of  unusual 
;.  Among  these  was  the  new  borate,  colemanite,  in 
nd  brilliant  crystals,  much  resembling  the  finest  of  the 
Hill  datolites ;  also  the  new  vanadium  mica,  roscoelite, 
mechanically  with  much  native  gold  between  the  folia; 
crystals,  clear  and  bright,  of  unusual  size ;  stibnite  in 
^stals  almost  equalling  the  late  discoveries  in  this  species 
in,  and  many  others  equally  noteworthy, 
(articular  interest  to  the  writer  was  a  small  lot  of  appar- 
exagonal  crystals  to  which  bad  been  given  the  name  of 
lite.  Now  as  thenardite  crystallizes  in  the  orthorhom- 
tem,  I  waa  prompted  to  question  the  correclneaa  oi  \!ttv^ 

ReBd  before  the  New  York  Academy  of  Sciences,  Uay  U,  \%%(>. 
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determination.  The  results  of  measnrements  confirmed 
first  suspicions  of  their  true  hexagonal  character,  though  only 
approximate,  being  made  with  a  hand  goniometer.  Since, 
however,  the  hexagonal  aspect  of  the  mineral  might  possibly 
be  due  to  complex  twinning  of  orthorhombic  individuals,  it 
seemed  advisable  to  have  this  question  decided  on  the  basis  of 
an  optical  examination.  For  this  purpose  three  of  the  bert 
crystals  were  kindly  given  by  Professor  Hanks,  and  theee 
were  sent  by  me  to  Dr.  Edward  S.  Dana ;  the  crvstals  being 
quite  clear.  In  a  few  days  he  reported  them  to  be  normally 
uniaxial  with  negative  double  refraction,  and  thus  they  were 

Positively  proved  to  be  different  from  thenardite.  An  analysis 
eing  now  necessary  to  settle  the  composition  of  the  mineral,  I 
placed  sufficient  material  in  the  hands  of  Mr.  James  B.  Mack- 
mtosh,  E.  M.,  for  that  purpose,  and  he  has  very  kindly  done 
the  work,  with  the  following  results : 

Corresponding  to 

Na,S04  81*45 

NaaCOa  13*06 

NaCl  3*89 

NbiO  (excess)  1*08 

99*48 

These  results  give  the  following  molecular  ratios  for 

Na^SO* 
XaaCO, 
NaCl 
Na,0 

Or  closely  in  the  ratio  of  4 : 1 :  ^ :  I-.     This  points  to  the  formula, 

4(Na,S04)  +  NaaCO,  +  K^aCl) 

as  representing  the  composition  of  the  crystals  under  examina* 
tion.  Neglecting  the  sodium  chloride  as  non-essential,  the 
formula  becomes: 

4Na,S04  +  NaaGOs 

which  is  probably  the  true  one. 

The  observed  excess  of  soda  is  either  due  to  errors  of  anal- 
ysis, as  only  a  small  quantity  was  used,  or  it  may  have  been 
combined  with  boracic  acid,  as  borax  is  very  abundant  at  the 
locality. 

The  interesting  anomaly  of  a  sulphate  and  carbonate  being 
in  chemical  combination  reminds  us  of  the  rare  sulphato-car- 
bonate  of  lead,  leadhillite,  to  which  this  alone  bears  relation  as 
a  natural  species. 

The  angles  obtained  were  as  follows : 

0  on  2=  90^  0  on  IsslBO"  30'. 

1  on  7=1 20^  0  on  2=113'  30^. 

Accordingly,  the  value  of  the  vertical  axis  is  1*014.     Cleav- 
age  parallel  to  0  nearly  perlect*,  \i\i\.  AaSvk^xAx.  \o  cAAA\\i. 

*  All  bases  calculated  as  soda,    lomd  and  T!£va,\gQfe«»^'^«l^'ws^'\IW•K^^.. 


W.  K  Bi<l<hn—()n  IlanWdt.  135 

Crystals  striated  honzoDtall;.  They  are  commonly  termin- 
itad  at  both  eada  of  the  prism  and  are  very  symmetrical  iu 
riitpe.  They  average,  aa  thoa  far  Been,  about  one  centimeter 
illeiucth  and  thickness,  with  0  and  /as  predominating  planes 

SotneUmeB  the  crystals  are  confusedly  grouped  (fig.  2),  as 

:  bom  a  common  center,  macb  like  the  aragouite  from  a  noted 

I  Eoiopean  locality.      For  some  late  years  mineralogists  have 

TBouTed  from  several  localities  in   the  far  West  groups  of 

tkbalar  crystals    that   were    hexagonal   in   appearance,   very 

impiiie  in  compoaitioQ,  and  to  which  the  name  of  aragonite  has 


bten  attached.  For  the  moat  part  they  are  simply  calcium 
(utwnate  mixed  with  sand  and  mud,  and  are  withont  cleav- 
ig&  It  is  verj  probable  that  they  are  pseudomorpbs  after  the 
ndiuDi  snlphato-carbonate  here  described.  In  particular  I 
itfer  to  crystals  which  I  have  seen  credited  to  Colorado  and  to 
Ktrada. 

The  crystals  here  analysed  were  found  with  salt,  thenardite, 
tincal,  etc.,  at  the  works  of  the  San  Bernardino  Borax  Co.,  in 
Sill  Bernardino  County,  California. 

The  density  of  this  new  California  mineral  is  2-562.  Its 
hardness,  S'-3-5.  It  is  readily  soluble  in  water.  Effervesces 
with  acids.  It  affords,  when  dissolved  in  water,  an  abundant 
precipitate  of  barinm  sulphate  when  barium  chloride  is  added 
to  the  eolation.  On  addition  of  silver  nitrate  to  a  fresh  solu- 
Ikin  chloride  of  silver  is  precipitated,  showing  that  chlorine  is 
ibo  prexent.  (Senile  ignition  develops  no  appreciable  loss  in 
(be  weight  of  the  mineral 

The  crystals  are  transparent  to  semi-opaque,  with  a  white 
wuy  color  inclining  to  yellow.  Surfaces  never  highly  pol- 
iced nor  very  smooth. 

The  definite  formula  deduced  from  Mr.  Uackintosh's  analysis, 
tiken  together  with  the  form,  warrants  me  in  announcing  this 
B  a  new  mineral  species.  I  therefore  propose  for  it  the  name 
of  Hanksite,  after  Proressor  Henry  C  Hanks,  of  California,  to 
ihom  we  are  so  largely  indebted  for  our  knowledge  of  the 
micenils  ot  the  PaoiSo  coast. 
StwtA,  s.  J,  umj  23,  less. 


186  Dana  and  Penfidd — Mineralogical  Notes. 


Art.  XX. — Mineralogical  Notes;  by  Edward  S.  Dana 

Samuel  L.  Penfield. 

1.  A  large  crystal  of  Hanksite. 

Some  two  years  since  Professor  G.  J.  Brush  placed  in 
hands  for  examination  a  large  crystal,  or  rather  group  of 
tals,  of  an  anhydrous  sulphate  related  to  thenardita 
specimen  had  been  receivea  by  him  from  Professor  J.  S.  ] 
berry,  who  stated  that  he  had  purchased  it  in  California 
was  unable  to  learn  the  exact  locality  from  which  it  c 
The  examination  proved  it  to  be  probably  hexagonal  in  i 
talline  form,  and  m  composition  to  consist  of  solium  sulp 
and  carbonate  in  the  ratio  of  4 : 1.  Feeling  reluctant  to  at 
a  new  name  to  a  mineral  of  which  only  one  specimen  w£ 
hand,  and  that  from  an  unknown  locality,  we  postponed 
publication  of  our  results  until  some  further  facts  should  c 
to  light.  The  same  mineral  has  now  been  re-discovered 
in  specimens  so  satisfactory  as  to  justify  their  receiving 
name  Hanksite,  given  by  Mr.  Hidden. 

The  specimen  examined  by  us  consisted  of  a  low  hexag 
prism,  measuring  transversely  76™  and  in  a  vertical  direc 
20°^°* ;  this  prism  is  penetrated  by  several  other  similar  tal 
crystals  but  in  varying  positions,  so  that  no  general  lai 
twinning  can  be  given.  The  basal  edges  were  irregul 
replaced  by  pyramidal  planes.  Apparently  the  form  is 
agonal,  the  prism  and  pyramid  both  being  present,  and 
measured  angles  of  the  former  showing  very  little  varis 
from  the  required  60°.  The  analogy  of  the  artificial  sulpl: 
of  sodium  and  potassium  suggested,  however,  that  the  i 
might  be  really  orthorbombic,  and  the  hexagonal  aspect  di 
twinning.  The  optical  examination  made  to  settle  the  quei 
was  not  satisfactory  because  the  crystal  contained  so  u 
mud  as  impurity  as  to  be  transparent  only  in  spots.  S 
points  were  found,  however,  which  gave  an  obscure  unia 
figure  with  negative  double  refraction;  but  this  ques 
might  not  be  regarded  as  satisfactorily  settled  were  it  not 
the  excellent  results  which  Mr.  Hidden's  crystals  have  affor 
The  pyramidal  plane  spoken  of  was  rough  and  rounded 
was  only  distinctly  seen  on  part  of  the  edges.  The  appi 
mate  angle  (supplement)  measured  on  the  basal  plane  is 
which,  referred  to  the  vertical  axis  assumed  by  Mr.  Hid 

gives  a  symbol  ^4045);  required  48°  8'. 

An  analysis  of  the  mineral  gave  (Penfield)  the  follow 
results,  which  are  almost  identical  with  those  of   Mr.  M 
intoah : 
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48-69 

O 40-86 

6-42 

2-C8 

2-13 

1 4-41 

1-82 


Ratio. 
'645     and 

•669 

123 
•060 
•060 


|: 


646 
636 
123 
123 


48-69  SO, 
33*28  Na^i 

7-68  Na,0  ) 

6-42  CO,     f 

238  K 

2-18  CI 


of 


\ 


100-06 

s  oorresponds  then  to 

Ns.SO^ 76-82 

Na,CO, 13-06 

KCl 4^46 

Inaol 4^41 

Ign 1^32 

100^06 

I  inaolable  portion  is  apparently  clay;  a  section  exam- 
1  the  microscope  showed  the  imparity  densely  distributed 
ds  parallel  to  the  prismatic  faces.  The  fact  that  in  the 
is  tne  potassium  and  chlorine  are  present  in  exactly  the 
ts  required  to  form  potassium  chloride  may  be  only  a 
lence,  and  the  chlorine  may  in  fact  be  combined  with 
i,  and  the  potassium  may  in  part  replace  the  sodium  in 
Iphate.     It  is  immaterial  which  explanation  is  adopt^, 

any  case  it  is  quite  certain  that  the  potassium  (or 
i)  chloride  is  present  as  an  impurity,  for  in  the  thin  sec- 
iimerous  rectangular  crystals,  some  of  them  apparently 

were  visible.  It  seems  proper,  therefore,  to  deduct 
lements  from  the  analysis,  leaving  only  the  sodium  sul- 
and  sodium  carbonate.      The  result,  calculated  to  100 


It,  IS 


NajSO^ 86-48 

Na.COj 1452 


corresponds,  though  approximately  only,  to  the  formula 

4NagS04+NagC03 


requires 


NajSO^ 84-27 

NajCOj 15-73 


100-00 
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2. — An  artificial  crystallized  Lead  Silicate. 

We  are  indebted  lo  the  late  Professor  Silliman  for  a  si 
men  of  an  artificial  crystallized  lead  silicate,  which  had 
obtained  by  him  from  the  Desloge  Lead  Company,  Bonm 
terre,  St  Francois  County,  Missouri.  The  specimen  consist 
chiefly  of  a  brownish-red  substance  with  resinous  luster  sonw 
what  resembling  sphalerite,  associated  with  octahedral  crystal 
of  magnetite  and  cleavable  galena.  In  small  cavities  in  th 
mass  and  over  the  surface  are  numerous  crystals,  mostly  ston 
hexagonal  prisms,  which,  as  is  proved  later,  consist  of  the  sam 
material  as  the  mass  of  the  specimen.  These  crystals  in  colo 
and  form  very  closely  resemble  much  of  the  vanadiniteo 
Arizona,  and,  before  the  history  of  the  specimen  was  known 
they  were  referred  to  that  species  almost  without  question 
Later,  however,  it  was  learned  that  the  specimen  was  artificia 
in  origin,  and  according  to  the  chemist  of  the  company  was  i 
lead  silicate.  A  preliminary  chemical  examination  provec 
that  to  be  true,  and  a  complete  analysis  was  accordingly  mad( 
of  the  hexagonal  crystals  and  also  o!  the  massive  substance. 

The  crystals  spoken  of  vary  in  length  and  thickness  from  1 
to  3°^.     They  show  ordinarily  only  the  planes  of  the  anil 

prism  /  (1010)  and  the  basal  pinacoid  0  (0001);  rarely,  how 
ever,  the  basal  edges  of  the  prism  are  rounded  and  in  a  fe^ 
instances  distinct  planes  were  observed.  The  best  defined  ol 
these  gave  an  approximate  angle  of  50®  on  the  basal  pinacoid 

0/^p,  0001y^l0Tl,  =60^ 

This  gives  as  the  length  of  the  vertical  axis 

c=  1-032. 

A  second  pyramidal  plane  (9)  gave  an  angle  on  the  base  of  25°, 

which  corresponds  tolerably  to  the  symbol  f  (2025),  required 
25°  29'.  Apparently  these  pyramidal  planes  are  holohedralij 
developed,  so  that  the  crystals  would  then  be  referred  to  th^  hex 
agonal  system  proper,  but  the  material  was  too  scanty  absolutel] 
to  prove  this  point  There  is  some  reason  to  doubt  it,  howeyer 
for  on  the  other  side  of  the  same  specimen,  distant  from  then 
hardly  an  inch,  are  a  few  crystals  apparently  of  the  same  ma 
terial,  but  of  quite  diflferent  form.  These  are  thin  tabuU 
crystals  showing  only  the  basal  pinacoid  and  a  rhombohedroi 
the  measured  angle  for  this  is  67°,  which,  referring  it  to  tl 

above  axis,  would  give  it  a  symbol  2/?,  or  ;r  (2021).  The  ci 
culated  angle  is 

Oy^T.R,  0001  A,mi,  =6*?°  12'. 
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The  qaantity  of  these  tabular  crystals  was  too  small  to  admit 
of  its  being  proved  that  they  have  the  same  composition  as  the 
bexagonal  prisms,  but  everything  points  to  that  conclusion. 

The  substance  was  readily  soluble  in  even  very  dilute,  cold 
nitric  acid :  the  solution  upon  evaporation  yielded  gelatinous 
silica.  Before  the  blowpipe  readily  fusible.  Specific  gravity 
of  crystals  5-92.  For  analysis  the  compound  was  dissolvea 
in  cold,  dilute  nitric  acid  and  the  insoluble  magnetite  filtered 
off.  Two  analyses  were  made  (Penfield);  for  the  first  (I) 
only  distinct  crystals  were  taken,  of  which  "7078  grams  were 
selected ;  the  result  after  deducting  0*44  per  cent  of  magnetite 
is  given  below.  The  second  analysis  (II)  was  of  the  crystalline 
part  of  the  slag.  The  result  is  given  after  deducting  -207  per 
cent  of  magnetite.  The  presence  of  a  trace  of  carbonic  acid,  and 
a  very  minute  trace  of  phosphoriu  acid  was  distinctly  proved. 


I.  Crystals. 

Ratio. 

SiO,       17-17 
PbO       72-39 

•286 

•325 

FeO         0-5 1 

-007 

CaO         7-48 

•134 

MgO        0-56 

•014 

NajO       0-35 

•006 

y  -486 


98-46 


11.  Massive 

portion. 

Ratio. 

SiO. 

16-00 

•267 

PbO 

75-26 

•338 

FeO 

0-74 

•010 

MnO 

017 

•002 

CaO 

615 

•110 

M«0 

0^50 

-012 

Na- 

0-24 

•004 

COa 

trace 

>  -476 


9906 


The  ratio  in  I  for  SiO.  :R0= -286:  •486=1: 1-70=4: 7  nearly. 
For  II  the  ratio  is  SiO. :  R0=  267 :  -476=1 : 1-78=4 : 7  nearly. 
The  agreement  between  these  shows  that  the  formula,  R^Si^O,,, 
DiQst  express  very  closely  at  least  the  true  composition  of  this 
Artificial  lead  silicate.  The  o'jcurrence  of  so  rare  a  compound 
is  especially  interesting  in  connection  with  the  recent  discovery 
of  native  lead  silicates,  notably  at  Lungban,  Sweden. 

These  natural  lead  silicates  include  the  three  following  from 

Ungban:    ganomalite,  a  silicate  of  lead  and  manganese  with 

small  quantities  of  lime  and  magnesia ;  hyalotekite,  a  silicate 

o{  lead,  barium  and  calcium ;    melanotekite,  a  silicate  of  lead 

Mid  iron.     To  these  should  be  added  kentrolite,  from  southern 

Chili,  a  silicate  of  lead  and  manganese.     All  of  the  minerals 

rained  are  crystalline  in  structure,  but  kentrolite  alone  has 

been  found  in  distinct  crystals.     We  do  not  know  that  any 

wiificial  crystallized  lead  silicate  has  been  described  hitherto. 
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Art.    XXI. —  The  amount  of  moisture  which  Sulphuric 
leaves  in  a  Oas ;  by  Edward  W.  Morlky. 

Bebzelius  and  Dulong,*  about  1820,  and  Erdraann 
Marchand^t  about  1842,  employed  calcium  chloride  in  d 
mining  the  atomic  weight  oi  oxygen,  and  were  probably 
aware  that  it  leaves  unremoved  a  comparatively  large  am 
of  water.  Dumas,J  in  1842,  and  Pettenkofer,§  in  1862,  i 
tioned  as  well  known,  the  fact  that  calcium  chloride  will 
dry  a  gas  as  completely  as  sulphuric  acid.  Favre,J  in  1 
proved  that  sulphuric  acid  at  ordinary  temperatures  dries  a 
so  completely  tnat  neither  sulphuric  acid  at  —17**  0.  nor  p 

f)horus  pentoxide  will  absorb  a  sensible  quantity  of  mois 
rom  40  liters  of  gas,  nor  even  from  volumes  **bien  plus 
sid^rables.*'  He  also  attempted^  in  a  most  ingenious  wa 
determine  whether  a  gas  dried  by  either  of  these  agents  wa£ 
solutely  dry.  He  passed  air  dried  as  perfectly  as  possible  ( 
red-hot  copper,  ana  then  again  through  a  drying  tube.  In 
experiment,  148  liters  of  air  were  reduced  to  117  liter 
nitrogen,  and  deposited  '0025  gram  of  water;  in  the  ot 
110  liters  of  air  were  reduced  to  87  liters  of  nitrogen,  and 
posited  '0016  gram  of  water.  Hence  he  concluded  that  a! 
of  gas  dried  oy  sulphuric  acid  or  phosphoric  oxide  coniai 
not  more  than  -OC^OOG  or  '00008  gram  of  water. 

He  also  proved**  that  no  other  force  than  the  tension  of 
vapor  of  water  causes  it  to  be  retained  in  certain  gases.  Ft 
further  proved,tt  as  ^^^  Regnault  in  1845,:|::|:  that  drying  tc 
of  no  large  dimensions  are  reauired  to  utilize  the  whole  drj 
power  of  the  drying  agent  with  which  they  are  filled.  In  1 
and  again  in  1865,  Freseniu8§§  published  experiments,  wh 
if  they  were  affected  by  no  source  of  error  at  that  time  un 

Sectec},  would  show  that  sulphuric  acid  leaves  one  or 
eci  milligrams  of  moisture  in  a  liter  of  gas.  But  in  II 
Dibbitsll  published  experiments  in  which  precautions  v 
taken  against  the  leakage  of  moist  air  through  caoutchouc  ( 
nectors,  which  showed  that  808  liters  of  air  dried  by  sulph 
acid  at  ordinary  temperatures  gave  up  but  7  decimilligram 
moisture  to  phosphorus  pentoxide. 

Dibbits  also  proposed  a  method  for  solving  the  remaic 

*  Ann.  Chim.  Phys.,  2d  Seriee,  vol.  xv,  p.  388. 

f  Journ.  Prakt  Chemie,  vol.  xxvi,  p.  464. 

^  Ann.  Chim.  Phys.,  3d  Series,  vol.  viil.  pp.  193,  210. 
Lieb.  Ann.  Supp.,  vol.  ii,  p.  29. 

I  Ann.  Chim.  Phys.,  3d  Series,  vol.  xii,  p.  223.        T  Ibid.,  vol.  xii,  p.  22 

S*Ibid.,  vol  xu,  p  227.  §8  Zeitschr.  Anal.  Chem.,  vol.  iv,  p.  \l 

ff  /bid.,  voL  xii,  228.  \\  ZeiUc^nx.  Kxi«i.,C,\i«ai.,^ol.xv,  v.  16 

ft  Ibid.,  vol.  XV,  p.  152. 
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aestion:  How  much  moisture  is  left  in  a  gas  dried  by  phos- 
borus  pentoxide?  He  proposed  to  evolve  a  gas  of  which  we 
light  be  certain  that  it  contained  no  water,  to  pass  it  into 
ater,  and  then  to  dry  it  with  phosphorus  pentoxide.  He  sug- 
ested  the  evolution  of  dry  oxygen  by  heating  fused  potassium 
3lorate.  Whether  perfectly  dry  oxygen  could  be  thus  obtained 
»nains  to  be  seen ;  the  task  of  keeping  up  a  suitable  current 
f  oxygen  till  a  few  hundred  liters  shall  pass  the  absorption 
ibes  would  involve  a  good  deal  of  labor. 

Desiring  to  know  the  amount  of  water  which  sulphuric  acid 
'  phosphorus  pentoxide  fails  to  remove  from  a  gas,  I  succeed- 
1  in  devising  a  method  which  has  made  the  solution  of  the 
roblem  easy.  It  permits  the  determination  of  the  absolute 
noont  of  moisture  left  in  a  gas  by  any  drying  agent;  the 
laintaining  a  slow  current  of  air  for  days  or  weeks  demands 
tteotion  for  only  some  five  minutes  each  day,  so  that  very 
irge  volumes  of  air  may  be  used,  at  small  velcx)ities,  and  even 
'  the  residual  moisture  is  as  little  as  a  hundredth  or  a  thou- 
indth  of  a  milligram  in  a  liter,  it  may  be  determined  with  any 
eeded  accuracy. 

I  devised  the  method  with  the  intention  of  applying  it  first 
0  phosphorus  pentoxide.  But  in  the  third  number  of  the 
ieitschrift  fUr  analvtische  Ghemie  for  1884,  Mathesius  made 
«rtain  statements  aoout  the  use  of  sulphuric  acid  in  drying 
qH^  in  consequence  of  which  I  first  undertook  the  study  of 
he  absolute  amount  of  moisture  left  in  a  gas  by  this  drying 
igent 

The  paper  of  Mathesius  raised  a  preliminary  question  which 
lad  to  be  answered.  He  found  that  certain  drying  tubes  filled 
nth  sulphuric  acid,  of  specific  gravity  1*S4,  when  used  to  ab- 
orb  moisture  as  in  organic  analysis,  lost  weight'at  the  rate  of 
?eor  more  decimilligrams  an  hour.  This  statement  must  be 
iken  as  referring  to  sulphuric  acid  supposed  to  be  pure ;  be- 
aose  a  statement  that  impure  sulphuric  acid  contained  some 
olatile  impurity  would  hardly  be  worth  publication ;  and  also 
ecaose,  in  order  to  lessen  the  loss  of  weight  in  his  drying 
ibes,  Mathesius  diluted  the  acid  somewhat,  probably  suppos- 
%  that  the  vapor  of  sulphur  trioxide  escaped  and  occasioned 
tie  loss  of  weight. 

It  is  difficult  to  believe  that  either  water  or  sulphur  trioxide 
«n  be  given  up  by  pure  sulphuric  acid  to  a  current  of  gas  in 
nysuch  quantity  as  Mathesius  observed.  Regnault*  deter- 
nined  the  tension  of  the  vapor  of  water  given  off  at  20°  C.  by 
'ulphuric  acid  of  the  formula  S0,+2H,0.  This  is  -15  milli- 
"Ja- ver,  so  that  a  liter  of  absolutely  dry  air  passing  through  such 
^cid  would  take  up  at  this  temperature  '16  milligrams  of  water. 

♦  Ann.  Chim.  Phys.,  3d  Series,  roL  xv,  p.  179. 
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He  gives  no  results  for  acid  more  concentrated  than  this;  bat 
from  a  comparison  of  the  results  for  more  dilute  acids,  it  is 
difficult  to  believe  that  an  acid  containing  half  a  molecule  of 
water  and  one  niolecule  of  the  monohydrated  acid  would  give 
up  to  a  liter  of  absolutely  dry  air  as  much  as  the  twentieth  of  a 
milligram  of  water  at  ordinary  temperatures. 

And  as  to  the  evaporation  of  sulphur  trioxide  from  sulphuric 
acid :  Dumas*  passed  20  liters  of  air  through  pure  sulphuric 
acid,  and  into  solution  of  barium  chloride,  which  preserved 
•*une  limpidity  absolue."  But  if  the  loss  of  weight  observed 
by  Mathesius  was  due  to  the  escape  of  sulphur  trioxide,  Dumas 
should  have  obtained  not  only  a  visible  but  a  weighable  pre- 
cipitate. 

But  while  we  may  dismiss  the  idea  that  sulphur  trioxide 
escapes  from  sulphuric  acid  in  drying  tubes  in  ordinary  condi* 
tions  in  any  such  quantities  as  several  decimilligrams  an  hour, 
it  was  necessary  for  the  determination  of  the  absolute  amount 
of  moisture  left  unabsorbed  by  sulphuric  acid  that  the  amount 
of  sulphur  trioxide  volatilized  should  be  accurately  determined. 
For  this  purpose  I  made  several  experiments.  In  one  of  them, 
a  wash  bottle  and  a  Winkler^s  absorption  tube  were  filled  with 
pure  sulphuric  acid.  This  acid  I  distilled  from  a  pure  acid,  re- 
jecting tne  first  and  the  last  fifth.  Its  specific  gravity  at  22* 
and  at  16'8°  C,  compaied  with  water  at  4^  weights  being  re- 
duced to  a  vacuum,  and  the  thermometer  being  corrected  for 
error  of  zero  point,  was  found  to  be  1*8344  and  1*8894.  A 
current  of  air  was  aspirated  through  a  gas-meter,  through  the 
wash  bottle  of  acid,  through  the  absorption  tube  with  acid, 
through  an  empty  tube  two  meters  long,  through  a  plug  ot 

flass  wool,  ar»d  through  an  absorption  tube  with  pure  water- 
'he  acid  in  the  absorption  tube  occupied  about  two  meters  ao^ 
a  half ;  the  water  in  the  other  absorption  tube  occupied  aboU-'* 
a  meter.      The  parts  of  the  apparatus  were  fused   together* 
When  6800  liters  had  passed,  not  too  rapidly,  the  sulphuric 
acid  in  the  water  was  determined  as  barium  sulphate,  and  fouiL^ 
to  be  3*1  milligrams.    In  a  second  experiment  at  a  somewh^^ 
lower  temperature,  '7900  liters  were  passed  and  2*5  milligranp- ' 
of  acid  were  found  in  the  second  absorption  tube.     Several  e^ 

f)eriments  were  made  in  which  air  passed,  at  the  rate  of  tw-^ 
iters  an  hour,  into  a  solution  of  barium  chloride ;  in  which  e^^ 
Seriments  neither  myself  nor  Dr.  Spenzer,  my  assistant,  couL  ^ 
etect  any  trace  of  a  precipitate  till  the  third  day. 
With  tne  degree  of  approximation  thus  far  obtained,  ther^ 
we  may  conclude  that  a  liter  of  air  passed  through  sa  - 
'>  acid  of  the  specific  gravity  of  1*84  will  take  up  som^ 
like  the  two  thousandth  or  three  thousandth  part  of 
im  of  sulphur  trioxide  at  ordinary  temperatures. 

•  AnD.  Chim.  Playa.,  M  Senes,  '^oV  -mx,  v*  *^^^ 
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lis  being  determined,  the  way  was  clear  to  determine  the 
ale  amount  of  moisture  left  in  a  gas  by  sulpb  uric  acid.  To 
ig's  potash  bulbs  I  fused  a  sixth  bulb,  connected  with 
>ther8  by  a  capillary  tube  of  so  small  bore  that  when  a 
um  was  maintained  at  one  end,  one  or  two  cubic  centi- 
rs  of  air  would  pass  through  it  in  a  minute.  In  this  sixth 
I  placed  sulphuric  acid  so  diluted  with  water  that  air  pass- 
hrough  it  would  take  up  a  certain  small  amount  of  water, 
he  bulbs  which  belonged  to  the  original  apparatus  was 
xi  sulphuric  acid  of  specific  gravity  1*8381  at  18®  C, 
)arcKl  with  water  at  4®  C.,  weights  and  thermometer  being 
icted. 

use,  a  partial  vacuum  was  maintained  in  the  five  bulbs 
iinin^  strong  acid,  while  the  dilute  acid  was  in  contact  with 
it  ordinary  pressure.  Air  in  passing  from  the  dilute  acid 
igh  the  constriction  towards  the  strong  acid  would  there- 
expand  a  number  of  times  depending  on  the  pressure  in 
)artial  vacuum.  The  air  before  entering  the  dilute  acid 
made  as  dry  as  sulphuric  acid  can  render  a  gas;  it  took  up 
r  from  the  dilute  acid ;  it  was  expanded ;  the  increased 
me  was  made  as  dry  as  sulphuric  acid  can  render  a  gas. 
)t  us  imagine,  for  the  sake  of  clearness,  that  the  expansion 
issing  the  constriction  was  ten  times,  that  five  liters  of  air 
red  the  dilute  acid,  and  that  therefore  fifty  liters  passed  out 
le  strong  acid.  Let  us  also  make  two  alternative  supposi- 
I  in  order;  first,  that  sulphuric  acid  makes  a  gas  perfectly 
and  second,  that  it  leaves  a  hundredth  part  of  a  milligram 
ater  in  a  liter  of  gas. 

according  to  the  first  supposition,  sulphuric  acid  makes  a 
)erfectly  ary,  the  five  liters  of  dry  air  which  enter  the  six- 
apparatus  carry  into  it  no  water.     In  the  sixth  bulb  they 
up  a  small  quantity  of  water.     Passing  the  constriction, 
become  fifty   liters.     The  sulphuric  acid  makes  the  fifty 
J  perfectly  dry,  and  no  water  is  carried  out  of  the  apparatus, 
'efore  the  only  eflfect  changing  the  weight  of  the  apparatus 
le  escape  of  sulphur  trioxide,  the  amount  of  which  is  ap- 
;imately  known. 

at,  secondly,  if  sulphuric  acid  leaves  a  hundredth  of  a 
igram  of  water  in  a  liter  of  gas,  the  five  liters  of  air  enter- 
the  apparatus  carry  into  it  one-twentieth  of  a  milligram  of 
jr.  In  the  sixth  bulb,  more  water  is  taken  up.  The  five 
s  expand  to  fifty.  Now  the  drying  such  a  gas  as  air  is 
ilj  a  process  of  reducing  the  vapor  tension  of  the  accom- 
yin^  vapor  of  water.  One  liter  of  air  dried  by  sulphuric 
.  will  contain  water  possessing  a  certain  tension,  whatever 
:he  pressure  of  the  air.  At  least  Regnault  proved  this  to  be 
'  within  one  per  cent .     The  Miy  liters  of  a\r  wVW  \.\\^T^lo\^ 
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'carry  out  ten  times  as  much  moisture  as  the  five  liters  brought 
in.  Neglecting  for  a  moment  the  evaporation  of  sulphur  triozide^ 
the  apparatus  will  lose  nine  twentieths  of  a  milligram  in  weight. 
Conversely,  if  we  knew  the  expansion  to  be  ten  times,  and  the 
entering  air  to  be  five  liters,  and  the  loss  of  weight  to  be  *45 
milligram,  we  could  compute  the  water  remaining  in  each  lit^ 
to  be  0*01  milligram. 

In  applying  this  principle,  it  was  necessary  to  avoid  erron 
due  to  leakage  of  moist  air  into  the  apparatus  during  the  long 
time  through  which  an  experiment  lasted,  and  to  provide  for 
weighing  the  six-bulb  apparatus  so  accurately  as  to  make  C6^ 
tain  the  detection  of  h  total  effect  of  a  few  tenths  of  a  milli* 
gram.  I  secured  sufficient  accuracy  in  weighing  by  using  as  a 
counterpoise  an  apparatus  of  the  same  shape  and  same  kind  of 
glass,  filled  with  the  same  acid,  and  interposed  in  the  same  ca^ 
rent  of  air.  To  these  I  fitted  ground  glass  caps  as  accurately 
as  I  could,  so  that  I  could  leave  the  two  apparatus  on  the 
balance  for  several  days  without  any  change  in  their  relaiife 
weights;  of  course  after  applying  corrections  for  the  state  of  the 
barometer  and  thermometer. 

I  also  fitted  to  the  two  apparatus  just  named,  a  third,  which 
prevented  the  diffusion  ot  moist  air  backward  from  the 
vacuum,  and  a  fourth  which  dried  the  air  before  it  entered  the  ] 
first  and  second  apparatus,  all,  to  each  other,  by  glass  tabes 
with  joints  carefully  ground  which  were  made  tight  with  a  fat 
from  which  all  matter  volatile  at  common  temperatures  had 
been  removed.  In  this  way,  I  could  leav6  the  apparatus  for 
weeks  with  the  certainty  that  moist  air  could  not  enter  the  ap- 
paratus. 

The  measure  of  the  volume  of  air  which  enters  the  apparatus 
and  of  the  expanded  volume  which  leaves  it  is  easy.  The 
third  drying  tube  which  prevents  the  diffusion  of  moist  air 
backward  was  fused,  together  with  a  barometer  gauge,  to  a 
tube  leading  to  an  air-tight  reservoir  of  54*1  liters  capacity. 
When  all  the  drying  tubes  were  in  place,  the  pressure  in  the 
reservoir  was  reduced  to  such  a  fraction  of  an  atmosphere  that 
the  air  passed  through  the  last  five  bulbs  of  the  six-bulb  ap- 
paratus at  the  rate  of  about  two  liters  an  hour.  This  pressure 
was  observed  on  the  barometer  gauge.  Call  the  pressure  a. 
On  the  next  day,  or  sometimes  in  twelve  hours,  the  pressure 
was  again  observed.  Call  the  second  pressure  h.  The  pressure 
in  the  reservoir  was  then  again  reduced,  and  the  apparatus  was 
ready  for  another  day  of  action. 

Now,  disregarding  variations  of  temperature  and  supposing 

the  barometer  constant,  remembering  that  the  expansion  of  the 

air  takes  place  so  slowly  that  no  cooling  effect  is  sensible,  we 

can  easily  compute  the  volume  ol  T«tT^?i^d  ^Si  ^\v\Osi\i%&\»%aaRi 
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of  the  six-bulb  apparatus  while  the  pressure  has  increased  ' 
D  a  to  i.    For  this  purpose  put 

the  weight  of  the  air  which  would  pass  through  the  con* 
striction  in  the  unit  of  time,  if  a  perfect  vacuum  were 
maintained  on  one  side,  and  the  barometric  pressure  on 
the  other. 

the  pressure  in  the  reservoir. 

the  neight  of  the  barometer,  assumed  constant. 

the  time. 

the  weight  of  air  in  the  reservoir  at  the  pressure  x, 

the  capacity  of  the  reservoir. 

the  weight  of  a  liter  of  air  at  the  temperature  and  pressure 
of  the  air  during  the  experiment. 

:the  volume  of  rarefied  air  passing  out  of  the  apparatus 
while  the  pressure  rises  from  aU)b. 

*he  weight  of  air  passing  out  of  the  six-bulb  apparatus  in 

unit  of  time,  when  the  pressure  in  tbe  vacuum  is  not  zero, 

X,  may  be  written  wf(x).    At  normal  pressure,  its  volume 

to 
lid  be  yJ{x)j  but  under  the  pressure  x,  its  volume  would  be 

/(«),  and  we  therefore  have  dV=^--jj\x)dL    Also  it  is  ob- 

X  I 

OB        tA  CL 

18  that  7-= -51 80  that  du^-jdx ;  and  obviously  du^wfix)dL 

cl 
in  the  last  two  equations,  we  find  dt^-:: — t-k^o;;  and  substi- 

hwf{x) 

dx 
Qg  this  value  we  get  dV=c— . 

x 

refore  V=c/        — =clog-. 

t/a*.a       X  'CL 

\  is  the  volume  of  rarefied  air  which  passes  the  constriction 
e  the  pressure  rises  in  the  reservoir  from  a  to  6.     Its  vol- 
on  entering  is  computed  in  an  obvious  manner, 
have  so  far  made  three  experiments,  as  follows : 

1.  2.  3. 

Dtering  apparatus  ss  n 27  L  23  1.  68  L 

temperature  =  / 16"  C.  IS**  C.            19"  C. 

aving  apparatus 286  1.  228  1.  7571. 

»  leaving 259"  205"  699' 

I  an  hour 1%'  1-4"  1*2' 

J  acid,  specific  gravity 1*707  1*707  1*566 

r  tension  of  water  from  such  acid  at  , 

temperature^ •4gmm            .431010  i-gS""* 

nmns  water  taken)             .  ,  ,^„„             .-,„„            ,a/»™» 

by  ft  Uters  air,  at  t  \  ^^P^^^ 1  S^i^             1 0™«            1 06»8 

*  18" 

fie  gravity  strong  acid  at —^ 1*8381  1-8381  1-8388 

4 

decimilligrams 51  41  \% 
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V 

Experiments  1  and  2  were  parts  of  the  same  experimei 
which  was  interrupted  to  see  if  the  loss  of  weight  were  propo 
tional  to  the  amounts  of  air  in  the  line  marked  *'  excess  lea^ 
ing."  In  all  three  experiments,  1163  liters  more  passed  ot 
than  entered  the  apparatus,  the  sum  of  the  losses  in  weight! 
2*8  miligrams.  The  amount  of  sulphur  trioxide  which  escape 
may  be  computed  at  *4  milligram.  The  remaining  2'4  mill 
grams  is  the  weight  of  aqueous  vapor  carried  out  of  the  ai 
paratus  b^  1163  liters  of  air.  The  quantity  subtracted  i 
affected  with  some  uncertainty,  since  the  air  used  in  the  experi 
ment  on  the  evaporation  of  sulphur  trioxide  was  not  punfio 
from  organic  matter,  and  there  may  have  been  reduction  of  th 
acid  to  the  dioxide,  and  reoxidation  to  sulphuric  acid.  Bq 
with  the  approximation  so  far  obtained,  the  water  which  strooj 
sulphuric  acid  fails  to  remove  from  a  slow  current  of  air  i 
about  the  four  hundred  and  fiftieth  or  five  hundredth  part  of  i 
milligram  in  a  liter  of  air. 

Dibbits*  showed  that  308  liters  of  air  dried  by  sulphuric  aci( 
gave  up  '7  milligram  to  phosphorus  pentoxide.  It  is  carioa 
that  this  is  the  q^uantity  which  my  experiments  show  to  be  lef 
by  sulphuric  acid  in  that  quantity  of  air.  The  obvious  in 
ference  may  be  true,  but  is  not  safe.  I  shall  hope  to  repea 
these  experiments  on  the  evaporation  of  sulphur  trioxide  from 
sulphuric  acid  with  purified  air,  and  those  on  residual  moistan 
left  in  a  gas  by  the  acid  with  some  form  of  apparatus  permittin( 
more  accurate  weighing  than  Liebig's  bulbs. 

^49  Ropublic  Street,  Cleyeland,  Ohio,  Maj  25th,  1885. 
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by  G.  H.  Stone. 

On  almost  every  glaciated  surface  in  Maine  may  be  found 
isolated  drift  scratches  aberrant  both  in  direction  and  outlioa 
Often  these  are  si;mewhat  curved  and  may  grow  deeper  towari 
their  south  ends  where  they  usually  terminate  abruptly.  In  t 
few  cases  I  have  found  reversed  curves  making  the  scratcl 
resemble  the  mathematical  sign  of  integration.  They  some 
times  vary  10°  or  even  20°  from  the  average  direction  of  tb( 
glaciation  and  hence  they  often  intersect  other  scratches  neai 
them.  Indeed  it  is  the  exception  to  find  the  glacial  scratchei 
*  exactly  parallel  even  when  adjacent,  and  it  is  often  by  m 
means  an  easy  task  to  decide  which  of  a  given  series  o 
scratches  most  nearly  represents  the  true  direction  of  the  gla 
cial  movement  at  that  point.  The  writer  is  persuaded  thatth< 
time  baa  come  for  g\ac\aV\ata  \.o  wxvxX^  \x\  ^ftio\>'C\w^  ^wvsa  wa^ 
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locnnte  system  of  measurements  than  has  heretofore  prevailed. 

A.  foil  discussion  of  this  subject  is  reserved  for  another  occasion. 

For  our  present  purpose  it  is  assumed  that  in  order  to  proye 

by  means  of  glacial  scratches,  that  the  ice  at  a  given  place 

noved  in  different  directions  at  different  times,  it  is  needful  to 

prove  that  there  are  intersecting  series  of  scratches  at  that  point 

The  following  instances  of  local  changes  in  the  direction  of 

the  ice-flow  in  Maine  have  been  reported.    In  the  Maine  Q-eo- 

kgical  Report  for  1861  (p.  262),  Professor  0.  H.  Hitchcock 

rHNMts  intersecting  drift  striso  at  Chamberlain  Lake  in  northern 

Haine,  and  perhaps  his  observations  on  the  drift  of  the  upper 

Stint  John  Valley  may  indicate  local  glaciation.    Professor 

Hitchcock  has  also  described  a  roche  mouioiinee  in  York  County, 

HcL,  on  the  stoss  side  of  which  the  drift  scratches  bear  south 

natward,  while  on    the  lee  side  they   bear  southwestward 

Fh)fe88or  G.  L.  Yoee  was  the  first  (American  Naturalist,  vol 

ii,  pi  28)  to  report  the  signs  of  a  local  glacier  in  the  Andros 

eoggin  Vidley.    This  glacier  extended  from  the  White  Moun 

tains  eastwud  to  near  West  Bethel,  Me.,  as  is  proved  by  the 

noraines  and  by  the  fflacial  scratches  which,  near  the  bottom 

of  the  valley,  are  neanv  parallel  wiih  the  course  of  the  valley, 

while  the  glaciation  of  the  higher  hills  and  the  surrounding 

ragion  is  nearly  at  right  angles  to  this  direction.     These  ob- 

KTvations  regarding  the  local  Androscoggin  glacier,  the  writer 

has  carefully  verified.     The  other  localities  named  have  not 

been  visited  by  me.    Professor  F.  C.  Bobinson  of  Bowdoin 

College,  has  also  informed  me  that  he  has  found  intersecting 

drift  scratches  on  the  bank  of  the  Penobscot  River,  a  few  miles 

west  of  Chesuncook  Lake. 

Daring  the  past  summer  the  writer  has  discovered  three 
other  localities  showing  intersecting  drift  strisd.  That  the 
secondary  glaciation  was  not  sooner  discovered  is  due  to  the 
fact  that  the  slates  east  of  Waterville  weather  quite  readily. 
The  later  scratches  are  shallow,  and  long  after  they  have  been 
obscured  by  weathering,  the  earlier  and  deeper  ones  remain 
qnite  distinct.  This  gives  an  appearance  of  freshness  to  rock 
exposures,  which  is  very  deceptive. 

1.  The  Sebasticook  Valley  Locality. 

The  Sebasticook  River  flows  from  the  east  into  the  Kennebec 
Bivcr  at  Waterville.  Numerous  observations  of  the  drift  striae 
on  both  sides  of  the  Sebasticook  show  that  there  is  an  area 
several  miles  long  in  the  towns  of  Winslow,  Benton  and  Clin- 
ton, where  there  are  two  and  in  a  few  places  three  superposed 
systems  of  scratches.  In  a  few  places  very  near  the  Sebasticook, 
the  later  scratches  are  very  confused,  pointing  in  mUiW^  A\i^c.- 
iiODs,  whether  from  berg  drift  or  ice  gorges  of  the  nvex  \a  ^^X* 
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uncertain.  The  intersecting  systems  of  scratches  were  traced 
to  within  one-half  a  mile  of  the  Kennebec  River,  and  if  anj 
fresh  exposures  could  have  been  found,  they  might  perhaps 
have  been  traced  quite  to.  that  river.  No  opportunity  has  yet 
offered  for  excavation,  which  will  be  necessary  for  determining 
the  limits  of  the  area  showing  deflections  in  the  direction  of  the 
ice-flow.  The  facts  will  be  sufficiently  indicated  by  a  few 
typical  examples.  All  the  angles  given  in  this  paper  are  co^ 
rected  for  the  magnetic  variation,  and  are  thereiore  azimuths, 
not  bearings. 

North  Vassalboro,  &  11^  W. 

S.E.  part  of  Winslow,  older  striae  S.  4''  E. ;  newer,  S.  24®  E. 

S.  part  of  Benton,  older  S.  6°  W. ;  newer  S.  26°  W. 

Three  miles  S.  of  Clinton  village,  S.  24°  W. 

Benton,  N.  side  of  Sebasticook,  oldest  series  S.  14°  W. ;  next 
later  S.  24°  W. ;  and  a  very  faint  series  comes  last,  S.  84°  E, 

Winslow,  one-half  mile  E.  of  Kennebec,  older  S.  24°  W.; 
later,  S.  69°  W. 

These  observations  plainly  show  movements  of  the  ice  in 
more  than  two  directions  The  eastward  flow  in  the  S.E.  part 
of  Winslow  probably  indicates  a  local  movement  down  the 
Sheepscot  Valley.  The  valleys  of  the  Kennebec,  the  Sheeps- 
cot  and  the  Penobscot  are  more  favorably  situated  for  local 
movement  than  any  other  of  the  larger  river  valleys  of  Maine, 
though  perhaps  the  valley  of  the  St  Croix  should  be  added  to 
this  list.  The  shorter  valleys  of  the  St.  George,  the  Union, 
the  Narraguagus,  the  Machias,  and  the  rest  of  the  small  coast 
streams  are  equally  favorably  situated  in  the  matter  of  direc- 
tion, as  they  he  nearly  north  and  south,  but  they  do  not  pene- 
trate the  high  ranges  of  hills  which  formed  a  barrier  to'  farther 
ice-flow  southward  after  the  ice  became  less  than  about  600 
feet  thick.  Near  the  Sebasticook,  the  latest  scratches  areaaite 
shallow,  and  have  not  eflFaced  the  earlier  ones  as  thev  nave 
done  in  the  track  of  the  local  Androscoggin  glacier.  A  fair 
inference  is  that  at  the  time  when  these  latest  scratches  were 
made,  the  ice  was  becoming  thin  and  that  the  flow  was  not 
long  continued  in  the  direction  of  the  latest  glaciation.  Farther 
exploration  will  be  needed  in  order  to  bring  out  all  the  facts; 
thus  far  we  are  justified  in  regarding  these  local  deflections  as 
an  incident  of  the  decay  of  the  great  ice-sheet,  at  a  time  when 
the  local  topography  aSected  the  ice-movements  much  more 
than  during  the  time  of  maximum  glaciation. 

2  and  8.  The  Belfast  and  the  St.  George  Hiver  Ztocalities, 

These  localities  are  so  closely  connected  that  they  may  best 
be  described  together.  For  about  ten  miles  north  of  Union 
Village,  the  St  George  B.\ver  ^S>v,  Ci^oT^*^  qtcl  NJc^a  ^x^tc^  Vs^ 
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ocally  known  as  6eon^*s  Biver^  flows  in  a  narrow  valley 
)etween  steep  ranges  of  hills.  Tne  ridse  on  the  west  side  of 
ht  valley  rises  from  200  to  500  feet  above  the  river,  that  ou 
ike  east  vrom  600  to  1100  feet  above  it.  The  last  named  range 
stiefly  lies  in  the  towns  of  Hope  and  Union,  and  rises  to  an 
deration  of  1240  feet  shove  the  sea.  East  of  it  is  an  irregular 
dump  of  high  peaks  and  ridges  in  Camden  and  Lincolnville. 

Kear  Union  Village  the  observed  direction  of  the  drift 
natches  is  S.  15^  W.  Near  the  St.  George  Biver  from  the 
Dorth  line  of  Union  to  the  north  line  of  AppletoiK  S.  25^  to 
t/f  Wm  approximately  parallel  with  the  valley.  Near  North 
Appleton  the  valley  series  of  scratches  is  crossed  by  a  later 
Kiies  at  an  angle  of  about  76^  These  later  scratches  were 
found  on  the  east  side  of  the  valley,  about  100  feet  above  the 
rirer,  and  run  obliquely  down  the  hill  toward  the  bottom  of 
the  valley  and  almost  due  west  The  limits  of  this  area  of 
ood  ice-movement  have  not  been  determined. 
K  we  leave  the  valley  of  the  St.  George  at  Searsmont  and 
Mtfs  eastward,  our  course  will  lie  two  or  three  miles  north  of 
he  high  hills  of  Hope  and  Lincolnville  before  referred  to. 
Hie  westward  deflection  of  the  glaciation  increases  as  we  pro- 
leed.  In  the  south  part  of  Belmont,  about  five  miles  east  of 
Jearsmont^  the  direction  of  drift  striae  is  S.  85®  to  87®  W. 
fet  this  place  is  in  the  broad  valley  of  a  stream  which  flows 
matheastward  to  Lincolnville  Village,  while  to  the  south  lies 
I  narrower  low  pass  through  Hope  and  West  Camden.  Here 
then,  although  a  natural  drainage  slope  lay  off  to  the  southeast, 
ind  a  favorable  pass  to  the  south,  yet  the  ice  bore  ofif  over  a 
rolling  plain  to  the  southwest  into  the  narrow  valley  of  the  St 
George.  Three  miles  farther  east  in  Belfast,  the  scratches  fol- 
low the  valley  of  Little  Biver,  S.  10®  to  20®  E.  Numerous 
exposures  of  the  rock  in  Belfast  and  Morrill  show  uniformly 
an  eastward  trend  of  the  drift-scratches,  sometimes  as  much  as 
S.40®E. 

About  three  miles  N.W.  of  Belfast  City  there  are  several 
places  where  are  preserved  portions  of  a  system  of  drift- 
scratches  which  has  been  nearly  effaced  by  a  later  glaciation. 
The  local  rock  is  a  hard  quartzitic  slate,  well  adapted  both  for 
resisting  glacial  corrasion  and  for  preserving  the  scratches 
under  atmospheric  exposure.  Usually,  when  traceable,  the 
earlier  scratches  have  been  intersected  and  nearly  obliterated 
by  the  later,  but  at  one  place  the  earlier  ones  were  perfectly 
preserved  in  a  depression  of  the  rock  at  the  southeastern  base 
of  a  little  ledge  or  steep  escarpment  barely  from  half  an  inch 
to  two  inches  in  height.  The  line  or  front  of  the  little  precipice 
happened  to  lie  parallel  with  the  earlier  ice-movement  and 
ieoee  offered  do  reaistance  to  it.     The  gentle  depreaavoxi  ^^^a 
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glaciated  S.  10°  E.  to  the  very  base  of  the  scarp.  But 
the  direction  of  the  ice-flow  changed  to  S.  30°  to  35°  E., 
the  steep  scarp  protected  a  portion  of  the  depression,  a 
strip  from  two  to  eight  inches  wide  was  left  in  its  lee  w 
untouched  by  the  later  glaciation.  Over  all  the  rest  of  a 
exposure  fifteen  feet  in  diameter,  the  later  glaciation 
wholly  effaced  the  earlier. 

It  thus  appears,  that  at  one  time,  the  high  hills  of  1 
Lincolnville and  Camden  (the  ** Camden  Hills"  of  themari 
formed  a  great  barrier  and  forced  the  ice  to  flow  around 
both  to  the  east  and  the  west.  In  doing  this  they  were  i 
by  the  topographical  features  of  the  country  lying  to  the  i 
of  them,  where  is  a  great  gently  rolling  plain.  During  C 
)lain  time,  an  arm  of  the  sea  extended  up  the  St.  George 
ey  to  Searsraont  and  thence  eastward  through  Belmont 
Morrill  to  Belfast  The  average  elevation  of  the  country 
between  the  St  George  Valley  at  Searsmont  and  the  he 
Belfast  Bay  is  rather  less  than  200  feet  Megunticook  an 
associated  peaks  rise  from  600  to  1000  feet  above  this  ] 
When  the  ice  was  thickest  the  flow  was  directly  over 
hills,  but  when  the  thickness  was  1000  feet  or  less,  this  « 
manifestly  be  impossible.  My  exploration  reached  onlj 
northern  and  western  bases  of  these  hills,  and  a  thorougl 
ploration  will  be  needed  in  order  to  trace  all  the  defleciio 
ice-movement  which  would  naturally  take  place  in  so  un 
a  country.  A  single  item  of  detail  will  be  referred  to  in 
ing.  As  has  been  stated  above,  in  the  southern  part  of  Beli 
the  flow  was  southwestward  down  the  St  George  Valley,  n 
than  south  or  southeastward,  though  the  latter  route  pre 
a  more  favorable  slope  through  a  somewhat  level  valley 
one  to  two  miles  wide.  No  lateral  moraines  are  found 
the  north  ends  of  the  valleys  which  lie  betweetf  the  high 
of  Hope,  Camden,  etc.  Apparently,  then,  these  valleys 
filled  with  embayed  ice.  That  is,  instead  of  a  series  of 
glaciers  penetrating  the  hilly  region,  the  valleys  were  filled 
stationary  ice,  at  least  it  was  stationary  enough  to  unite 
the  hills  to  form  a  great  barrier  which  caused  the  main  ice 
to  take  place  around  the  eastern  and  western  bases  of  thii 
tem  of  hills.  It  will  be  proper  to  add  that  the  direction  ( 
drift-scratches  in  the  vicinity  of  Belfast  bears  a  significant 
tion  to  the  glacial  gravels  of  the  region.  Five  systems  of 
gravels  converge  to  Belfast  Bay,  all  roughly  parallel  wit 
glaciation.  These  deposits  are  in  several  respects  difl 
from  the  other  Kame  or  Osar  gravels  of  Maine  which  I 
heretofore  described,  at  least  from  those  of  the  interior  c 
State  where  no  evident  signs  of  local  ice-movements  have 
J/scovered. 

Oolomdo  College,  Oct  29,  IBBt 
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Abt.  'X'YTTT. — Successional  relations  of  the  species  in  the  French 
Old'Tertiary ;  by  Otto  Meyer,  Ph.D. 

Iir  a  fonner  article*  I  have  shown  that  in  the  American  Old- 
Tertiary  formation  many  species  can  be  traced  along  through 
the  succeeding  strata,  and  that  the  similar  succeeding  forms  are 
apoarently  connected  by  descent  In  the  second  part  of  this 
vticlet  I  said  that  the  same  phenomenon  is  manifest  also  in 
the  French  Old  Tertiary  formation.  The  following  table  may 
Ohitnte  this.  For  the  principles  which  have  guided  me  in 
addng  out  this  genealogy,  I  refer  to  this  Journal,  vol.  xxix, 
pi  458.  In  preparing  it  I  have  used  only  the  material  in  my 
mm  collection,  and  for  this  reason  the  table  is  very  incomplete. 
Bitiiralists  with  more  material  from  French  localities  than  I 
ti?6  may  complete  it  and  perhaps  correct  it  in  some  points. 
Li  comparisons  like  these  I  think  it  best  to  avoid  the  use  of 
deecriptions  and  figures. 

The  determinations  of  the  species  enumerated  in  the  table 
fere  made  by  Mr.  Cossmann,  in  Paris ;  and  I  have  adhered  to 
lis  determinations,  even  where  I  am  of  different  opinion ;  in 
sany  cases  I  would  not  make  specific  differences  whei*e  they 
re  made  by  Deshayes.  My  purpose  here  is  only  to  call  atten- 
ion  to  the  fact  that  evolution  is  illustrated  also  by  the  species 
f  the  French  Old-Tertiary.  Mr.  Cossmann  is  now  occupied 
nth  a  revision  of  the  species  of  Deshayes. 


MmDLE  EOCENE. 


aagoflta  2>et^ 
ia  prinuera  Desh,   i 

lodiolifoniiiB  Deah.^ 

I 

I 

oalus  polymorph- 

ciilos     terebratu-, 
Ijam,  I 

OS  lentiformis 


planiooflta  Lam, 
PrevOBti  Deah, 
imbricata  Lam, 


LameUitranehiata, 

Oatrea  flabellula  Lam. 
Ostrea  cyathula  Lam. 
Anomia  tenuistriuta  Desk, 
Area  modiolif ormifl  Desk. 
Area  oondita  Deah 
PeetuDCulus    pulvinatus 
Lam, 


Limopsis  f^raoulata  Lam, 

sp. 
TrigoDoeGelia     deltoidea 

Lam. 
Nucula  ParisieDsis  Desk. 
Cardita  planicosta  Lam, 
Cardita  asperula  Desk, 
Cardita  imbricata  Lam. 
Crassatella       compressa 

Desk, 


UPPER  EOCENE. 


OLIOOOENS. 


Ostrea  cubitus  Deah, 
Ostrea  cueullaris  Lam, 

Area  Rigaultiana  Deah, 
Area  planicosta  Deah, 


Pectunculus  obo- 
yatus  Lam. 


Trigonocoelia  media  Desk. 
N'ueula  luoulata  Xyat. 


Cardita  propinqua  Desh.  I 
Crassatella  rostralis  Deah,  • 
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LOWER  EOCENE. 


15  Ludna  disoora  Deah. 

16  Lucina  prozima  Deah, 
17 
ISDiplodoDta  duplicata 

Desk, 


19 
20 
21 

22 
23 

24 

26 

26 

27 
28 
29 
30 
31 
32 
33 


MIDDLE  EOCENE. 


UPPER   EOCENE. 


OUG< 


Cardium  bybridum  Deah, 


Ojtherea  prozima  Ika?L 
Cytherea  fastidiosa  Deah, 


34 

36 

36 
37 

38 

)9 
LO 

a 

12 
\B 

k4 


Tellina     pseudorostralis 
(TOrb. 

Tellina  decorata  WdteL 
Mactra  Levesquei  d*  Orb. 
Corbula  gallicula  Deah. 
Oorbula  striatina  Deah, 
Corbula  muricina  lAveaq. 
Corbolomja    seminulum 
Deah, 


Delphinula  turbinata 

Deah, 
BifVontia      LauduDensia 

Deah, 
Turritella  Dixon!  Zk^, 
Calrptrada  Sueaaooiensis 

Deah. 


Lucina  Sazorum  Lam, 
Ludna  elegans  Defr. 


Cardium  obliquum  Lam. 

Cardium  porulosum  Lam, 

Cardium  granulosum 

Lam, 


Qjtherea  semisulcata 

Lam.j 
CjTtberea  analoga  Deah, 
Tellina  roatralis  Lam. 

Tellina  donadalia  Lam. 

Mactra  aemisulcata  Lam, 
Corbula  gallica  DeaK 
Corbula  Lamarcki  Deah, 
Corbula  minuta  Deah, 


Ludna  ErmenonvillenBiB 
cTOrb, 

Ludna  elegana  D^. 
Diplodonta  elUptica  Deah. 

Cardium  Bouei  Deah. 


Cjtherea  striatula  Deah, 

Cjtherea  polita  Lam.\ 
Cytherea  cuneata  Deah. 


Tellina  parilis  Deah, 
Tellina  symmetrica  Deah. 


Cardium 


Cyth< 
sata^i 


Natica  aemipatula  Deah. 
Natioa  intermedia  Deah. 


Glossopfiora. 

Delpbinula     turbinoides 

Lam. 
Bifrontia  serrata  Deah. 


Kaiioa  lepflrtttA  Deih» 

Diattoma      variouloaum 
Ihah. 


torbonilloide^ 
polygyrata 


Turritella  carinifera  Deah, 
Caly  ptrsea  lamello8ai>e5A. 

Hipponiz  elegans  Deah, 

Natica  patula  Desk, 
Natica  depresaa  Desh. 
Natica  abscondita  Desh. 
Natica  epiglottina  Z^am. 
Natica  semidausa  Deaht 
Natica  acuta  Deah. 
Diaatoma  costellatum 

Lam. 
Pyramidella    terebellata 

Fh-. 
Odoatomia  turbonilloides 

Deah. 
Turbonilla  fragilis  Desh. 

Pseudomelnnia  hordana 

Lam.  sp. 

Paeudomelania  1  a  c  t  e  a 

Lam, 


Corbulomya  complanata 
Sow. 


Delphinula     turbinoides 
Lam, 


Turritella  copiosa  Deah. 


Hipponyz       patelloides 
Deah. 


Natica  abscondita  Deah, 
Natica  NosaefOrd. 

Natica  ponderosa  DeaK 
Diastema      interruptum 

Deah. 
Pyramidella      inaspecta 

Deah. 


Calyptnu 
lata/>B 


Odostomii 
aula  i>B 


Paeudomelania  hordana 
Jjam.  sp. 


Pseodome 
semidec 
Lam. 


Ilb$  fptoilDMi  of  the  Mayence  Basin. 

^SoSHooottr  near  each  other,  ihe^  muftt  haye  a  yery  near  common  ana 
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lODDIA  SOOBNB. 

WIEB  SOCBNK. 

UFPEB  BOCKNE. 

OUOOCENS. 

inai        breTlcaliiin 

Oeritbium  Boblayi 

L 

IhtK 

Oeriibium     ediidnoides 

Oeritbium    pleurotomoi- 

Lamu 

dee  Lam, 

lum  aubacutum 
rfc. 

imn  inTolntum 

Oeritbium  Bouei  Dttih, 

Oeritbium  oonoideum 

Oeritbium  Oordieri  DtOi, 

It. 

Lorn, 

Bomplicataluin 

Oeritbium  limula 

ft. 

Jkak. 

iIbid  deceptor  IMk, 

Geritbium      perforatum 

Lam, 

dDB       tarbiiimtum 

Geritbiom     interraptum 

*. 

ham. 

Oeritbium  miztum  DtBli. 

Oeritbium  con* 
junctum  DtsK 

Rostellaria  flssarella 

Rostellaria  lubrosa  Saw. 

Lam, 

Buodnum  sabraudei 

BuociDum  Gottar- 

e^Orb, 

^NyiA. 

Marginella  crassulaDesA. 

Marginella  Edwardsi 
LtOi. 

Marginells  ovulata  Lam. 

Marginella  Stam- 
pineiuiis  St.-M, 

Mitra  oanoelliDa  Lam, 

Mitra  perminuta 
Braun, 

Yoluta  spinoea  Lam, 

Yoluta  depauperata2>e9ft. 

Oliva  nitidula  Ik»h, 

Oliva  BaumoDtiaua  Lam. 

Andllaria      buociooides 

AnciUaria  obesula  Deth. 

Lam, 

Ia  minor  Z^6«&. 

BiDgicula  ringens 

Ringicula  ringeus  Lam, 

Lam,  sp. 

(var.  Meyer.) 

SCIENTIFIC     INTELLIGENCE. 
I.    Chemistby  and  Physios, 

.  On  a  new  general  Method  far  the  Determination  of  NUro- 
. — ^The  determination  of  nitrogen  in  uitro-  and  azo-compoands 
ffected  by  the  addition  of  some  reducing  material  to  the  soda- 
e,  by  ^whioh  the  nitrogen  is  yielded  as  ammonia.  Tamm- 
jrard  proposed  sodiam  acetate,  Raffler,  sodium  thiosulphate, 
[  Groldbergy  stannous  sulphide  and  sulphur.  All  these  are 
lewhat  unsatisfactory  as  general  methods,  and  Abnold  has 
>eiiineiited  with  a  view  to  improve  them.  He  first  used  a  mix- 
e  of  acetate  and  thiosulphate,  and  afterward  two  or  three  per 
it  of  amorphous  phosphorus;  but  without  advantage.  He 
;n  substituted  sodium  formate  for  the  acetate,  using  it  in  con- 
ation lYith  sodium  thiosulphate  and  soda  lime,  and  obtained 
cellent  results.  The  combustion  tubes  used  were  from  10-12 
\M.  JoxnL  8<JL — Thibd  Srriss,  Vol,  XXX,  No.  176,  Auocot,  \ftft5. 
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mm.  diameter.  The  ammonia  was  determined  by  means  of 
normal  hydrochloric  acid,  standardized  by  analysis  and  by  pn* 
sodium  carbonate.  For  titering  back,  one-third  normal  ammon 
solution  was  used,  controlled  by  oxalic  acid.  Fluorescein  w; 
einployed  as  an  indicator,  since  it  can  be  used  in  daylight  ai 
with  arti6cial  light  as  well.  The  results  of  the  mixture  used 
four  different  proportions,  are  given.  In  A,  equal  parts  sod 
lime,  sodium  thiosulphate  and  sodium  formate  were  employe 
In  B,  two  parts  soda-lime,  one  part  sodium  formate  and  10  p 
cent  of  sulphur.  In  C,  equal  parts  soda-lime  and  formate,  wi 
ten  per  cent  sulphur.  And  in  D,  two  parts  thiosulphate,  mix< 
with  one  part  of  soda-lime  and  sodium  formate  mixed.  Ti 
latter  mixture  is  preferred  by  the  author  who  suggests  the  f< 
lowing  points  to  oe  observed  :  (1)  A  canal  in  the  mass  in  tl 
front  of  the  tube  should  be  avoided.  In  filling  the  tube,  tl 
finely  pulverized  mixture  containing  the  substance  is  first  ioti 
duced,  the  tube  held  vertically  and  jarred  to  compact  the  mai 
Then  a  mixture  (either  A  or  D)  is  placed  in  it,  and  then  coarse 
ulverized  soda-lime.  (2)  The  mass  in  front  must  have  a  defini 
ength.  In  the  analyses  given  this  length  was  15  cm.,  but  20  oi 
would  be  better.  (3)  The  combustion  in  a  45  cm.  tube  reqnir 
about  one  hour,  a  bubble  of  gas  per  second  passing  through  tl 
receiver.  (4)  The  process  is  a  failure  if  the  acid  becomes  tuibi 
or  acquires  more  than  a  yellow  color.  (5)  Not  more  than  0 
gram,  or,  if  the  substance  contains  over  20  per  cent  nitrogen,  n< 
more  than  0*3  s^am  is  to  be  used.  (6)  The  mixture  contaioiii 
the  substance  should  occupy  12  to  15  cm.,  the  mass  in  front  < 
this  15  to  20  cm.  and  the  soda-lime  5  to  10  cm.  of  the  tube.  B 
this  method  potassium  nitrate  gave  13*85,  13*77  per  cent  N,ii 
stead  of  13*86;  sodium  nitroprusside  28*20  and  28*15,  instead  < 
28*13;  trinitromethyl-toluidine  21*90,  cal.  21*87;  ethyl  nitrodi 
namate  6*01,  cal.  6*33;  nitrosalicylic  acid  7*56,  cal.  7*66;  strycl 
nine  nitrate,  10*60,  cal.  10*60;  morphine  4*50,  cal.  4*62;  wi-nilr 
cinnaraic  aldehyde  789,  cal.  7*91. — Ber.  Berl,  Chem.  Oes.,  xvii 
806,  April,  1885.  G.  F.  B. 

2.  On  a  new  method  of  determining  the  HecU  of  combustion  i 
Carbon  and  of  Organic  compounds,  —Two  difficulties  attend  ll 
determination  of  the  heat  of  combustion  of  carbon  and  its  coi 
pounds :  one  arises  from  the  length  of  time  required,  the  othi 
from  the  incompleteness  of  the  oxidation.  Bekthslot  ai 
ViEiLLE  have  obviated  these  difficulties  by  effecting  the  combs 
tion  in  oxygen  compressed  to  about  seven  atmospheres,  in 
calorimetric  bomb;  using  a  weight  of  combustible  such  thattl 
oxygen  consumed  bv  it  does  not  exceed  30  to  40  per  cent  of  tl 
whole  quantity.  The  ignition  is  accomplished  by  a  platinu 
wire  heated  to  redness  by  electricity  ana  is  completed  in  a  fc 
seconds,  sometimes  with  the  characteristic  noise  given  by  an  c 
plosion  in  a  closed  vessel.  The  entire  operation  does  not  reqn 
more  than  three  or  four  minutes  and  is  applicable  to  all  si 
stances  whose  yapor  tension  aV  vVv^  ovdux^t^  \.^\xi^x«X\xre  la  iuc< 
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kble.  The  completeness  of  the  combustion  was  verified  by 
lamination  of  the  products.  The  heat  of  combustion  thus 
aed  is  of  course  the  heat  at  constant  volume.  For  carbon 
s  the  same  value  as  that  at  constant  pressure,  since  the  car- 
lioxide  formed  I'eplaces  the  oxvgen  volume  for  volume.  For 
>gen  compounds,  however,  the  usual  corrections  are  neces- 
for  the  condensation  of  the  water  vapor.  When  cellulose  in 
orm  of  cotton  was  burned  in  this  way,  the  ash  being  de- 
d,  one  gram  gave  4*2  calories ;  or  one  equivalent  (162 
s)  680*4  calories.  The  heat  of  combustion  calculated  at 
ant  pressure,  the  water  being  in  the  liquid  state,  is  681*8 
lea.  Comparing  this  value  with  that  of  the  carbon  oon- 
1  in  the  cellulose  (referred  to  diamond)  564  calories,  it  ap- 
that  that  of  the  cellulose  is  in  excess  117*8  calories,  or 
t  one-fifth.  It  follows  from  this  that  the  hydrates  of  carbon, 
led,  contain  an  excess  of  energy  above  that  given  by  the 
m  and  water  which  their  decomposition  would  furnish.  The 
»r8  call  attention  to  the  fact  that  this  is  also  true  of  incom- 
y  burned  charcoal,  as  for  example  the  charhon  rottx  used  in 
<ig  gunpowder;  and  hence  that  the  energy  of  a  sample  of 
owder  due  to  the  carbon  it  contains  cannot  be  accurately 
lated  from  its  percentage  composition. — BuU.  Soc,  Ch,^  II, 
262,  March,  1885.  o.  F.  b. 

On  a  new  absorbmg  agent  for  Oxygen, — Von  dkr  Pfori>- 
las  suggested  the  use  of  chromous  chloride  as  an  absorbing 
ance  for  oxygen.  To  prepare  it,  chromic  acid  is  heated 
hydr^en  chloride  until  the  liquid  is  perfectly  free  from 
ine.  The  green  solution  of  chromic  chloride  is  then  reduced 
eans  of  zinc,  to  the  blue  solution  of  chromous  chloride, 
is  then  poured,  in  an  atmosphere  of  carbon  dioxide,  into  a 
ited  solution  of  sodium  acetate,  whereby  a  red  precipitate 
romous  acetate  is  produced,  which  is  washed  by  decanta- 
with  carbonic  acid  water.  The  precipitate  is  quite  perma- 
and  may  be  preserved  for  some  time  without  change  in 
I  vessels  filled  with  carbon  dioxide.  For  use  it  is  converted 
sbromous  chloride  by  placing  it  in  a  test-glass  closed  by  a 
T  stopper  bored  with  three  holes.  Through  one  of  these  a 
1  passes,  furnished  with  a  cock.  The  others  have  entrance 
ixit  tubes  as  usual.  When  the  air  is  displaced  by  carbon 
le,  the  acetate  is  placed  in  the  glass  in  excess,  the  gas 
n  continued  and  hydrochloric  acid  allowed  to  flow  in  and 
rt  it  into  a  blue  solution  of  chromous  chloride.  When  a 
ontaining  oxygen  is  passed  through  it  the  color  changes 
blue  to  green.  Experiments  have  shown  that  an  alkaline 
on  of  pyrogallol  is  entirely  unaffected  by  gas  which  has 
i  through  the  solution  of  chromous  chloride.  Hence, 
»gen,  carbon  dioxide,  hydrogen  sulphide  and  the  like  may 
Bed  from  oxygen  in  this  manner. — Liebig  Ann,y  ccviii,  112, 
t),  1885.  o.  F.  B. 
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A,  On  a  Simple  Quantitative  method  of  separating  Selmiu 
and  Tellurium, — Divers  and  SHiMOsi:  have  proposed  a  method 
separating  selenium  and  tellurium  founded  on  their  behavii 
toward  sulphurous  oxide  in  presence  of  sulphuric  acid,  no  hjdi 
chloric  acid  being  present.  A  mixture  of  the  two  substances 
the  free  state  is  heated  with  concentrated  sulphuric  acid  in  a  co 
ered  beaker  until  it  is  entirely  oxidized  and  converted  into 
colorless  solution,  with  a  deposit  perhaps,  of  tellurium  sulphal 
A  moderately  strong  solution  of  sulphurous  oxide  is  then  gm 
ually  added  until  the  volume  is  increased  at  least  five-fold,  m 
the  solution  is  heated  on  the  sand  bath  for  some  time.  The  pi 
cipitated  selenium  soon  darkens  in  color  and  becomes  dense  wit 
out  aggregating  into  masses  difficult  to  wash  as  it  does  wb 
heated  with  hydrochloric  acid.  After  dilution,  the  solution  is  J 
tered  through  a  tared  filter,  and  the  precipitate  washed,  dri 
and  weiglied.  The  tellurium  is  precipitated  from  the  filtrate  I 
heating  with  hydrochloric  acid  and  adding  sulphurous  oxide 
the  usual  way.  To  test  the  process,  0-3115  gram  Te  and  0*38 
gram  Se  were  mixed,  dissolved  and  separated.  The  telluris 
weighed  0'3107  and  the  selenium  0*3865  gram.  In  a  second  expe 
meut  the  quantities  taken  were  0*2515  gram  Te  and  0*3395  gn 
Se;  the  quantities  recovered  were  0'2513  gram  Te  and  0*811 
gram  Se. — J,  Chem,  Soc.j  xlvii,  439,  June,  1885.  G.  F.  & 

5.  On  the  Illuminating  power  of  Ethane  and  Propane, — P. 
Frankland  has  been  engaged  for  some  time  in  deterroiDing  I 
illuminating  power  of  the  hydrocarbons  supposed  to  be  prese 
in  coal  gas.  He  had  previously  shown  that  the  illuounatii 
power  of  ethylene  calculated  for  a  consumption  of  ^ve  cubic  6 
per  hour  from  a  referee's  burner,  is  68*5  candles;  and  that  of  be 
zene  was  estimated  to  be  six  times  as  great.  He  has  now  expei 
mented  with  ethane  and  propane,  the  second  and  third  terms  < 
the  parafiSn  series.  The  ethane  was  prepared  by  the  action  i 
the  copper-zinc  couple  upon  ethyl  iodide  in  presence  of  alcolM 
and  was  made  to  pass  slowly,  first  through  bromine  and  wal 
and  then  through  a  solution  of  sodium  hydrate  and  finally  of 
slaked  lime.  The  product  showed  on  analysis  97*88  percent 
ethane.  Burned  from  a  referee's  burner  and  comparison  bdi 
made  with  the  Methoen  standard  and  with  standard  candles,  tl 
mean  result  (corrected  for  five  cu.  ft.  of  gas)  was  34*99  candk 
The  propane  was  prepared  by  the  action  of  zioc  on  isoprop 
iodide,  being  passed  first  through  a  scrubber  containing  m 
copper,  then  through  alcoholic  soda,  bromine  and  water,  sodia 
hydrate  and  slaked  lime.  The  gas  contained  95  per  cent  of  m 
pane,  and,  burned  in  the  same  way  as  ethane,  gave  53*91  canal 
as  its  illuminating  power.  Hence  this  value  appears  to  be  pi 
portional  to  the  number  of  carbon  atoms  in  the  molecule.^ 
Chem,  JSoc,^  xlvii,  235,  April,  1885.  G.  P.  a 

6.  On  the  Illuminating  power  of  Methane. — Wright  I 
made  a  series  of  experiments  to  determine  the  illuminating  pen 

of  pure  methane.     The  gas  ^a^  ^Tei^«>x^^\i^  Va\»A%\A»\!L^  ^'vf& 
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ptihoci,  by  the  action  of  the  copper-zino  couple  on  methyl  iodide, 
ind  wms  passed  throagh  three  copper  tubes  12  inches  long,  1*5 
IpAes  ID  diameter,  placed  horizontally,  fitted  with  corks  and 
■Huieeting  glass  tubes  and  filled  with  copper-zinc  and  as  much 
Hntiol  as  they  would  contain  in  this  position,  to  remove  the 
of  the  iodide ;  and  then  through  a  glass  tube  containing 
moistened  with  sulphuric  acid  to  absorb  the  alcohol  vapor, 
methane  was  collected  in  a  small  gas-holder  5  liters  in  capac- 
loated  to  5  c.  c.  and  passed  thence  to  the  photometer, 
was  furnished  with  a  Methoen  standard  giving  a  light  of 
candles  when  supplied  with  eighteen  candle  sas.  The 
aoe  was  burned  in  a  London  argand  with  a  six-inch  chim- 
r,  provided  at  top  with  a  metal  cap  capable  of  vertical  adjust- 
by  a  screw.  This  cap  is  to  limit  the  air  supply  and  is 
at  low  rates  of  consumption.  Two  specimens  of  marsh 
were  tested.  In  the  first  2*78  cubic  feet  (corrected)  were  Con- 
ner hour  and  gave  a  light  of  2*9  candles ;  or  5*2  candles 
cubic  foot  per  hour.  In  the  second  4*56  cubic  feet  were  con- 
per  hour,  giving  4*6  candles;  or  5*15  candles  per  cubic 
per  hour.— «/;  Cfiem,  8oc.^  xlvii,  200,  April,  1885.  o.  f.  b. 
On  Toughened  I'^Uer-papera, — Francis  has  observed  that 
*  paper  is  remarkably  toughened  by  the  action  of  nitric  acid, 
prodact  being  pervious  to  liquids  and  quite  different  from 
inment  paper  made  with  sulphuric  acid.  By  immersing  the 
ir  in,  or  even  by  moistening  it  with,  nitric  acid  of  density 
tS  aod  subsequent  washing,  the  result  is  attained.  The  tough- 
paper  can  be  used  like  ordinary  paper,  filtration  being  but 
retarded.  It  may  be  rubbed  without  injury,  like  a  piece  of  * 
th.  To  compare  its  strength  with  that  of  ordinary  paper,  a 
Urip  of  Swedish  paper  25mm.  wide  was  made  into  a  loop  and 
Ik  ends  held  in  a  vertical  clamp.  A  glass  rod  was  passed 
Iboagh  the  loop  and  from  its  ends  a  scale  pan  was  suspended. 
Ibe  paper  after  wetting  broke  with  a  weight  of  100  to  150 
Ipmms,  while  the  same  paper  after  the  above  toughening  treat- 
meat  supported  1*5  kilograms.  Filters  of  this  paper  are  verv 
towfal  with  the  filter  pump,  the  apex  only  being  toughened. 
Wben  treated  the  paper  contracts  slightly,  filters  11*5  cm.  in 
dhmeier  being  dimmislied  to  10*4  cm.  The  ash  was  reduced 
bom  0-0026  to  0*0011  gram.  The  treated  paper  contains  no 
flifciogen,  and  it  suffers  only  a  slight  decrease  of  weight. — tT, 
CKtfn.  Soc.^  xlvii,  188,  April,  1885.  6.  f.  b. 

8.  On  a  Crystallized  Tricupric  sulphate, — The  basic  copper 
fldphates  hitherto  known  have  been  in  general  amorphous  pow- 
ders of  doubtful  purity.  Shknstone  has  now  prepared  a  crystal- 
Hue  basic  copper  sulphate  artificially.  In  the  course  of  experiments 
00  the  solubilitv  of  salts  in  water  at  high  temperatures,  he  ob- 
served in  the  tuSes  in  which  cop[>er  sulphate  and  water  had  been 
beated  deposits  of  bright  green  crystals.  By  heating  the  crys- 
Uls  of  ordinary  copper  sul^^hate  CnSO^(U,0)^  at  about  200°  for  a 
i^w  boars  in  tubes  containing  a  few  grams  of  the  sa\l,\\e '^'w,^ 
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able  to  prepare  the  new  salt  in  larger  quantity.  By  draining  oi 
the  mother  liquor  while  still  hot,  and  washing  the  solid  part  o 
the  contents  of  the  tubes  with  water,  a  green  product  consisting 
of  crystalline  fragments  was  obtained,  about  0*25  gram  beinj 
yielded  for  each  tube.  On  analysis,  the  salt  afforded  26*98  pei 
cent  of  SO^  and  54*49  of  Cu ;  giving  the  formula  of  a  tricnprie 
sulphate  CuSO,  (CuO)  (H,0),  or  Cu^O,(H,0)„  which  require! 
53-75  per  cent  Cu  and  2 7  07  SO  .  The  salt  is  permanent  when 
heated  in  the  air  to  190°,  is  insoluble  in  water,  soluble  in  dilate 
sulphuric  acid.  The  crystalline  form  was  determined  by  Mien 
to  be  orthorhombic. — J,  Chem,  SoCy  xlvii,  375,  June,  1885. 

G.  F.  B. 

9.  On  the  Molecular  Weight  of  liquid  Water, — Thomsen  baa 
called  attention  to  the  fact  that  the  conclusion  reached  by  Raonlt 
in  his  researches  on  the  freezing  point  of  saline  solutions,  that 
water  possesses,  in  the  condition  of  liquid,  twice  the  molecular 
weight  which  it  has  in  the  condition  of  vapor,  coincides  with  the 
conclusion  to  which  he  himself  had  come  from  his  investigatiooi 
on  the  constitution  of  hydrated  salts.  In  his  thermochemioal 
researches,  Thomsen  says  :  A  glance  at  the  table  of  heat  of  hy- 
dration of  hydrated  salts  shows  that  the  water  molecules  enter 
often  in  pairs  with  the  same  heat-change ;  a  fact  explicable  either 
by  supposing  that  the  molecules  of  water  are  symmetrically 
placed  in  the  molecule  of  the  salt,  or,  and  perhaps  more  probably, 
that  the  molecular  weight  of  liquid  water  is  twice  that  of  water 
vapor.  The  similarity  of  these  conclusions,  from  widely  different 
fields  of  investigation,  is  noteworthy. — Ber.  Berl.  Chem,  ffei., 
xviii,  1088,  April,  3  885.  G.  P.  B. 

II.    Geology  and  Mineralogy. 

1.  The  volcanic  nature  of  a  Pacific  island  not  an  argument  fcf 
little  or  no  subsidence, — In  the  remarks  on  this  point  in  §  18  (p^ 
100)  of  my  paper  on  the  Origin  of  coral  reefs  and  islands,  I  refer 
to  the  great  depths  found  in  the  ocean  by  soundings  in  the  vicin- 
ity of  Hawaii,  and  speak  of  the  facts  as  favoring  the  idea  of  more 
subsidence  about  that  southeastern  end  of  the  group  than  along 
the  northwestern,  although  the  latter  is  the  coral  island  end. 
Another  example  of  similar  character,  but  more  striking,  is  af- 
forded by  the  region  of  the  Ladrones.  This  north -and -sottth 
range  of  islands  has  its  largest  volcanic  islands  in  the  southern 
part,  and  dwindles  in  the  opposite  direction  to  islands  which  are 
little  more  than  tufa  cones ;  and  200  miles  south  of  Guam,  the 
largest  island,  the  Challenger  found  a  depth  of  4,475  fathoms 
(26,850  feet),  one  of  the  deepest  regions  of  the  ocean.  It  hence 
y  be  that  Guam,  like  Hawaii,  is  a  large  island,  not  because  of 
~I1  subsidence,  but  because  of  continued  eruptions  that  made  it 
^  in  spite  of  the  sinking  that  was  in  progress.  The  quee- 
arises  how  far  the  depths  in  these  particular  cases  are  due  to 
undeimining  effects  of  volcanic  eruption.     There  are  coral 
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islands  both  northeast  of  the  deep  region,  near  Gaam,  and  also 
of  large  size,  to  the  southwest  and  southeast,  not  three  degrees 
off;  the  former,  those  of  an  extension  of  the  Pelew  range,  and  the 
latter,  islands  of  the  Caroline  Archipelago.  j.  d.  dana. 

2.  7%e  PhysiccU  JFeaturea  of  Scotland^  by  Professor  James 
Geikib. — This  excellent  paper  is  illustrated  by  an  orographic 
map  of  Scotland  which  is  necessary  to  its  full  appreciation.  The 
aathor  condemns  the  *^  statement  so  frequently  repeated  in  class- 
books  and  manuals  of  geography,  that  the  mountains  of  Scotland 
consist  of  three  (some  say  6ve)  ranges."  He  observes  that  it  is 
divided  into  three  parts  "  the  Highlands,"  the  Central  Lowlands 
aod  the  Southern  Uplands ;  and  defines  the  Lowlands  (which  are 
the  southern  limits  of  the  Highlands  and  northern  of  the  Southern 
Uplands)  as  extending  from  Stoneham  in  a  nearly  straight  south- 
west direction  along  the  northern  outskirts  of  Strathmore  to  Glen 
Artoey,  and  thence  through  the  lower  reaches  of  Loch  Lomond 
to  the  Firth  of  Clyde  at  Kilcreggan.  The  mountains  "are 
merely  monuments  of  denudation,"  ^'  relics  of  elevated  plateaus 
which  have  been  deeply  furrowed  and  trenched  by  running  water 
and  other  agents  of  erosion."  The  straightness  of  the  southern 
hoaodary  of  the  Highlands  **  is  due  to  the  fact  that  it  coincides 
with  a  great  line  of  fracture  of  the  earth's  crust ;  on  the  north 
side  are  hard  and  tough  slates  and  schists,  on  the  south  sand- 
itone  strata  prevail."  Looking  across  Strathmore  from  the 
Sidlaws  or  the  Ochils,  the  mountains  seem  to  spring  suddenly 
Arom  the  low  grounds  at  their  base,  and  to  extend  northeast  and 
louthwest  as  a  great  wall-like  rampart.  "  The  mean  height  of  the 
Highlands  above  the  sea  is  probably  not  less  than  1500  feet;" 
peakR  rise  to  a  height  of  nearly  3500  feet.  Any  wide  tract  of 
this  Highland  region  "viewed  from  a  commanding  position  looks 
Kke  a  tumbled  ocean  in  which  the  waves  appear  to  be  moving  in 
*11  directions.  But  the  masses  are  broad,  generally  round- 
shouldered,  often  somewhat  flat-topped,  with  no  great  disparity 
^f  height  among  the  dominant  points.  The  relationship  and  the 
forms  are  the  result  of  denudation ;  the  mountains  are  "  monu- 
itients  of  erosion," — they  are  the  wreck  of  an  old  table  land — the 
Jipper  surface  and  original  inclination  of  which  are  approximately 
indicated  by  the  summits  of  the  various  mountain  masses  and 
the  directions  of  the  principal  water-flows. 

A  similar  general  conclusion  is  drawn  from  the  Southern  XJp- 
laiids;  that  "  the  area  is  simply  an  old  table-land  furrowed  into 
rtlvine  and  valley  by  the  operation  of  the  various  agents  of 
«ro8ion." 

In  view  of  such  facts  it  is  not  surprising  that  Scotch  valleys 
*nd  mountains  should  have  given  to  Hutton  right  ideas  on  moun- 
tain sculpturing,  and  have  led  him  to  the  opinion  he  brings  out 
in  bis  memoir  on  the  Theory  of  the  Earth  (R.  Soc.  Edinb.  1778, 
*pd  8vo,  1796),  that  mountain  forms  are  due  to  subaerial  denuda- 
tion after  an  elevation  of  a  region  by  the  earth's  central  heat. 

Professor  Geikic  illustrates  the  subject  with  much  interesting 
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detail,  and  discasses  also  other  points  connected  with  the  phy 
ical  history  of  the  region.  He  speaks  also  of  the  shaded  8oeel 
(maps)  issued  hy  the  Ordnance  Survey  as  reproducing  with  ma 
velous  skill  the  surface  features  of  the  country  even  to  minor  poio( 
of  glacial  origin  ;  and  asks  in  conclusion :  ^'  With  such  admirabl 
cartographical  work  before  them,  how  long  will  intelligent  teach 
ers  continue  to  tolerate  those  antiquated  monstrosities  which  8i 
often  do  duty  as  wall-maps  in  their  school-rooms.'^ 

3.  Pennsylvania  Oeological  Survey,  —  This  Survey  has  re 
cently  issued* the  following  reports: 

Report  on  the  Coal  Mines  of  the  Monongahela  River  Region 
from  the  West  Virginia  State-line  to  Pittsburgh,  including  tlh 
mines  on  the  Lower  Youghiogheny  River  (No.  K4),  by  J 
Sutton  Wall.  Part  I.  Description  of  the  Mines,  232  pp.,  8yo 
with  maps  and  plates.     Harrisburg,  1884. 

Report  on  Perry  County  (No.  F2),  by  E.  W.  Clatpou 
438  pp.,  8vo,  with  many  plates,  maps  and  sections — a  geologic^ 
report  preliminary  to  an  account  of  the  Paleontology.  Him 
burg,  1885. 

Atlas  of  the  Northern  Anthracite  field.  Part  I  (No.  A  A). 

Maps  and  charts  of  the  Report  on  Cameron,  Elk  and  Forest 
Counties  (No.  R  R). 

Grand  Atlas,  Division  III.  Petroleum  and  Bituminous  Coal 
Fields,  No.  I.— The  first  part  issued  of  this  "Grand  Atlas"  of 
the  Geological  Survey  of  Pennsylvania  was  noticed  on  page  840 
of  the  last  volume  ot  this  Journal.  The  Atlas  is  to  appear  in 
five  Divisions.  Division  I  is  to  contain  the  geological  maps  oi 
the  counties  constructed  on  a  scale  of  two  miles  to  the  inch,  and 
will  consist  of  49  sheets,  covering  fifty-six  counties ;  Division  II, 
the  sheets  of  the  Anthracite  Survey,  including  mine  sheets  on  i 
scale  of  800  feet  to  the  inch,  topographical  sheets  on  a  scale  of 
1600  feet  to  the  inch,  cross-section  sheets  and  columnar-sectioD 
sheets,  besides  miscellaneous  sheets;  Division  UI,  of  whidi 
Part  1  has  recently  been  issued  under  the  above-mentioned  title; 
Division  IV,  topographical  maps  from  the  Surveys  of  A.  K  leh* 
man,  of  the  South  Mountain,  in  Adams,  Franklin  and  Cumberland 
Counties,  and  others  of  the  Great  Valley,  between  Easton  and 
Reading,  from  the  surveys  of  Messrs.  d'Invilliers,  Berlin  and 
Clarke,  on  a  scale  of  1600  feet  to  the  inch,  with  the  contour  linei 
10  or  20  feet  apart  ;  Division  V,  the  geological  maps. and  sec- 
tions relating  principally  to  the  Silurian  and  Devonian  fonnatioos 
in  Central  Pennsylvania,  and  cross- sections  of  the  Philadelphia 
rocks. 

The  maps  on  the  Petroleum  and  Bituminous  coal  fields,  making 
the  first  part  of  Division  III,  contain  topographical  maps,  plans, 
cross-sections,  and  others,  illustrating  the  geological  structure  of 
the  oil  region,  the  distribution  of  the  areas,  the  underlying  rocks 
down  to  the  oil-producing  sand  beds  in  a  large  number  of  sec- 
tions obtained  in  boring  for  wells,  and  are  thus  full  of  instmctioa 
The  general  map  of  the  o'\\-reg\ou^  ^^x^^^^x^^  Xi'^  ^^  K,  Ks^e^^^s:^^ 
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vkich  oom)>riBe6  Western  Pennsylvania,  shows  that  the  many 

treis  tie  in  a  belt  of  country  20  to  25  miles  broad,  extending  in 

ft  northeast  and  southwest  direction  from  Allegheny  County^ 

!  Vew  York,  to  Beaver  County,  Pa.    The  belt  to  the  northward 

■  knds  to  west-northwest,  and  thus  exhibits  its  parallelism  to  the 

r  soontain  system  lying  to  the  southeastward. 

An  announcement  accompanies  the  recent  reports  stating  that 
'-  they  maj  be  obtained  by  purchase  of  Mr.  J.  S.  Africa,  Secretary 
«f  lotemal  affiurs,  Hamsbnrg,  Pa.  The  State  has  directed 
tkat  they  shall  "  be  furnished  at  cost  to  all  applicants.'' 
The  legislature  of  Pennsylvania  at  its  late  session  appropriated 
I  II^OOO  to  continue  the  State  Geological  Survey  for  the  years 
f  1886  and  1886,  and  the  Governor  has  signed  the  bill.  The  survey 
/ffis  begun  in  1874,  and  the  work  remaming  to  be  done  is  chiefly 
:  ii  (be  anthracite  coal  r^ons.  A  summary  of  the  whole  in  a  tinal 
L  leport  of  one  or  two  volumes  by  Professor  J.  P.  Lesley,  the  chief 
Bute  Oeolofi^ist,  a  mgst  important  work  is  intended  to  complete 
Ibt  set  of  reports. 
L  Geoloffieal  Survey  of  New  Jersey  :   Bepcrt  for  1884 ;    G. 

the  remarkable  local- 


\  H.  Ck>OK,  State  Geologist. — Fine  views  of  tl 

:  ity  nf  columnar  trap  in  O'Rourke's  Quarry,  on  Mount  Pleasant 

:   Avenue,  Orange,  make  a  frontispiece  to  this  year's  Report.    The 

,    Bost  singular  feature  is  the  obliquity  of  the  columns  in  divergent 

Erections  about  the  center  of  the  quarry  while  nearly  vertical 

;    ilsewhere.    The  nearly  vertical  columns  are  large,  some  6  or  7 

i    fcst  in  diameter  while  the  oblique  are  small.      The   columnar 

\    sufMe  exposed  has  a  length  of  about  700  feet  and  a  height  of 

;    so  to  100  feet ;  and  underneath  it,  6  to  8  feet  below  the  exposed 

;    nrfiuM,  there  lies  the  red  sandstone.     The  outer  surface  of  the 

\    SQlamns  is  horieontally  banded,  but  there  is  no  regular  cross- 

foeturing.    Professor  Cook  suggests  that  after  the  main  extru- 

wm  of  trap^  there  may  have  been  a  later  outflow  along  the  cen- 

\    tnl  part  wnere  the  small  divergent  columns  occur.    The  locality 

h  Biy  De  reached  by  going  out  on  Pleasant  Avenue  in  Orange 

about  a  mile  from  the  railroad  station,  and  then  following  the 

fMrry  wagon  road  on  the  left  for  400  or  500  feet. 

An  interesting  exhibition  of  a  buried  forest  is  reported  as  re- 
MDtly  opened  at  the  £arnBt  Clay  pits  in  South  Amboy.  The 
burial  must  have  taken  place  since  the  settlement  of  the  country, 
lot  more  than  280  years  ago ;  the  place  until  recently  has  been 
udtf  a  swamp  and  a  forest  of  cedars.  '^  The  ground  which  was 
formerly  enough  above  the  sea^level  to  sustain  a  growth  of  up* 
kod  timber,  is  now  so  low  that  every  high  tide  could  cover  it 
with  salt  water." 

Artesian  wells  have  proved  to  be  a  success  along  the  low  coast 
region  of  Southern  New  Jersey.  Abundant  pure  water  has  been 
thus  obtained  at  Ocean  Grove,  Asbury  Park,  Red  Bank,  Ocean 
Beaefa,  Lakewood,  Marlton  and  other  points.  Each  passes  down 
to  the  sandy  stratum  under  the  Lower  Marl  bed  of  the  Cretace- 
oa&    The  wells  at  Red  Bank  and  Marlton  have  a  dept\\  Vi^V>K^^\\ 
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80  and  00  feet.  That  at  Ocean  Beach,  Monmoath  Coant^, 
about  400  feet  from  the  ocean,  is  485  feet  deep,  is  3  inches  m 
diameter  inside  of  the  wrought  iron  casing  pipe,  and  soon  after 
completion  yielded  36,000  gallons  a  day;  that  at  Lakewood  if 
475  feet  deep.  The  Lakewood  water  contains  but  6^  grains  of 
solid  matter  to  the  gallon. 

An  artesian  well  at  Newark  went  down  through  110  feet  of 
earth  and  505  feet  of  red  sandstone ;  the  bore  was  8  inches  io 
diameter  and  the  daily  yield  800,000  gallons;  the  temperaton 
55^^  F.  The  amount  of  mineral  matter  is  about  150graio8to 
the  gallon,  over  two-thirds  of  which  is  calcium  sulphate  (gypsum). 
An  analysis,  made  in  1870,  afforded  sodium  sulphate  15*04,  mag* 
nesium  sulphate  25*87,  calcium  sulphate  106*08,  magnesium  ca^ 
bonate  1*55,  sodium  chloride  2*47  =  152*81.  In  a  trial  in  1882 
the  amount  of  solid  matter  was  found  to  be  151*70  grains  per 
gallon,  and  in  1884  148*83  grains. 

The  above  are  a  few  of  the  facts  to  be  found  in  the  Report 

5.  Contributions  to  the  Knowledge  of  the  Older  Mesozoie  Ihra 
of  Virginia^  by  W.  M.  Fontaine.  144  pp.  4to,  with  54  platen 
Washington,  1883.  U.  S.  Geological  Survey.  (Received  in  June, 
1885.)— -rrofessor  Fontaine,  after  a  brief  review  of  the  beds  in 
Virginia,  describes  the  fossil  plants  in  detail.  His  specimens  were 
obtained  from  different  openings  on  the  Richmond  belt,  and 
from  the  Cumberland  belt,  about  30  miles  west  of  the  former. 
The  plants  were  found  in  the  layers  of  shale  and  sandstone 
adjoining  the  coal  beds, — not  far  from  the  middle  of  the  sandstone 
formation.  In  the  Richmond  belt  there  appear  to  be  500  to  600 
feet  of  sandstone  above  and  below  the  coal  beds. 

Forty-two  species  are  described  and  figured.  Half  of  them 
have  no  distinct  relations  to  European  species.  Of  the  rest,  twelve 
are  decidedly  Rhaetic  in  their  relations,  and  four  identical  with 
Rhietic  species,  while  only  four  aro  Triassic  in  character  and  three 
of  these  are  as  closely  RbsBtic.  Besides,  eight  have  Jurassic  rela- 
tions. Professor  Fontaine  concludes,  therefore,  that  the  beds  m 
probably  of  Rhaetic  age  rather  than  Triassic,  that  is,  of  the  epoch 
between  the  Triassic  and  the  Lias.  The  descriptions  and  figures 
of  the  plants  of  the  North  Carolina  Mesozoic  described  by.  Pro- 
fessor Fmmons  are  reproduced  in  the  volume  and  compared  with 
those  from  Virginia.  Professor  Emmons's  specimens  were  sought 
for  without  success.  Of  the  thirty-nine  species  identified,  fifteen 
are  also  Virginia  species,  and  they  point  to  the  same  age  for  the 
beds.  The  Cycad  genus  CtenophyUum^  of  which  there  are  four 
species,  is  highly  characteristic  of  the  Rhaetic  Lias.  The  gener* 
Acrosticides,  Laccopteris,  Cycadites,  Podozamit^  also  are  Rhsetic, 
or  Rhffitic  and  Jurassic.  The  North  Carolina  fauna  is  much 
richer  than  the  Virginian  in  Conifers ;  but  this  is  attributed  to 
drier  conditions  of  growth  and   not  to  actual  difference  in  flora. 

This  new  volume  from  the  U.  S.  Geological  Survey  is  a  worthy 
successor  to  the  excellent  Reports  which  have  preceded  it. 
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mite  and  Oabbro  in  Essex  County^  Massachusetts, — 
I  Wadsworth  has  an  arlicle  on  this  subject  in  the  Gteolog- 
[Eone  for  May  last.  It  describes  the  coast  from  Salem  to 
>eyond  West  Manchester  as  occupied  by  a  typical  reddish 
ish  syenite.  The  granite  of  the  same  region,  according 
preponderance  of  evidence,  is  the  younger  rock,  unless  it 
iporaneoas  with  the  syenite.''  A  gneissoid  schist  on 
iry's  Point  contains  "  gabbro"  in  masses — called  "irrega- 
('' — ^approximately  parallel  to  the  foliation  of  the  schist, 
abbro  "  varies  from  a  whitish  rock  consisting  of  feldspar 
few  grains  of  diallage  "  to  one  in  which  the  feldspar  and 
are  m  nearly  equal  proportions,  and  in  some  of  it  the 
gredient  is  in  individuals  two  or  three  inches  long.  Zir- 
ite  similar  to  that  of  Marblehead  occurs  also  on  Salem 
>nta]ning  sodalite  and  elaeolite. 

ermal  effect  of  the  action  of  aqueous  vapor  on  feld^ 
ock  (kaolinization), — Dr.  Cabl  Babus  discusses  this  ques- 
«hematically,  after  some  careful  experiments,  in  a  paper 
d  in  the  School  of  Mines  Quarterly,  Noyember,  1884.  A 
result  was  not  reached ;  yet  the  discussion  is  one  of  much 
as  the  author  states  in  conclusion,  '^  showing  in  how  far 
all  increments  of  temperature,  increasing  continuously, 
infinite  time,  are  accurately  measurable  f  and  **'  contain- 
first  direct  attack  upon  physical  problems  of  this  charac- 
y  of  which  have  an  imjportant  bearing  on  geological  and 
gical  subjects."  ^ 

w  localities  of  Erythrite;  by  Wm.  P.  Blakb.  (Communi-  i/ 
-There  are  two  localities  of  erythrite  in  the  West  which 
mention.  One  of  these,  lately  opened  near  Lovelock's 
m  the  Union  Pacific  Railway  in  Nevada,  has  yielded  con- 
i  quantities  of  nickel  and  cobalt  ore.  The  cobalt  bloom 
1  crusts  and  aggi*egations  of  very  small  crystals  in  the 
a  calcareous  rock,  containing  also  brilliant  brass  yellow 
crystals  of  raillerite.  The  ore  as  mined  and  shipped  con- 
unusually  high  percentage  of  both  nickel  and  cobalt. 
re  also  masses  of  a  black  earthy  aggregate  consisting 
>f  black  oxide  of  cobalt.  These  masses  do  not  appear  to 
anganese  oxide  in  any  appreciable  quantity  and  can  not 
be  referred  to  the  ores  of  manganese,  as  with  asbolite, 
ather  entitled  to  a  separate  place  as  black  oxide  of  cobalt, 
h  the  name  *'  asbolite  "  may  be  retained  if  the  description 
led  so  as  to  make  the  presence  of  manganese  unessential, 
ther  locality  is  in  Los  Angeles  County,  California,  at  the 
line,  Compton,  where  the  erythrite  is  associated  with  an 
silver  and  of  cobalt  in  dark-colored  earthy  masses  in  a 
)f  heavy  spar.  This  occurrence  was  noted  in  1881  and  is 
i  in  the  Report  of  the  State  Mineralogist  of  California 
,  p.  207,  and  in  the  fourth  report,  p.  179. 
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HL      BOTJJTT. 

■  ■  '  ■""i ■■'  iftmt-jliintrHetion  in  Botany,  by  F.  O.  Bowei 
su-A  ?■  L  ':!a».  Firt  L  iMacmiilaii  A  Co.,  London,  1885.)- 
T.i.t-  ju.'^'-  t«.jis  ii  la'.j  -l-l^  pages,  is  the  beat  introduction  ii 
X:k:.i"  '•  Up  irautioa;  inTeetigatton  of  flowering  ptaota  an( 
trrrr.  iiiiT  jtivna  »  L'hapter  on  tbe  preparation  and  effect 
.;  i-^yr^nt^  i-i"  mM*jw.-opic  ufie,  the  authors  deal  with  the  micro 
^•tt^mii:—  lUti  nicrjphpjcs  of  the  vegetable  cell.  The  student  i 
i'.  -nir;  -ti'ww  ina  4;iwlT-  over  the  least  attractive  part  of  thi 
n-i-.,  luu  !-  auf^  *oowii  «>und  methods  for  the  examination  o 
nzir-Of  •»  :iu  ii^wp  pJajils.  Xearly  all  of  the  methods  are  de 
-^-rit-i  •jin.*!s*iy,»wt  ioasto  leave  no  important  point  untouched 
rn-.tr-n-^u;'  c  w.>biJ  be  better  to  show  a  student  how  to  ezamin< 
;,i  -  ..T.t«--r-.  iit't  ^itfB  demand  of  him  direct  answers  as  to  what  hi 
wtfN  ^.ue'-  ,JJJ  :o  lell  him  what  he  ought  to  see.  But  this  plai 
,%>i>inin:<>  -niirt  ;;=*  ihan  most  beginners  have  at  their  commaDd 
■UK-^-wi  Jt  * pwrsonallv  conduoU'd  "  plan  is  generally  most  ii 
t-r'-Kt  r»«  TrtCiiMit  worit  tells  the  student  all  that  he  can  be  r«» 
«ra>k:>  •  *\iy«<*i  so  sw  under  the  microscope,  if  he  is  saccessfn 
31  E^-fi::  i»  **v-«v'0«,  etc.  Therefore,  the  student  who  foUowi 
,-«S  ■:fci;j.~L"~T  i!'.  ;ae  exercises  laid  down  in  this  work  may  be  snrt 
."C  *k'ii~.-wj  ti*  «5«ili»l8  of  histology,  so  far  as  the  higher  planU 
»?«  .-.m.x'wi.  A  Mcond  volume,  devoted  to  the  plants  lowei 
SLlj  1-W  x-r^f*  *3*i  ilwir  allies  is  promised.  With  Strasburgcr'i 
^.-'T.t.r  jTwK-'i*.  ~  t>»*  bi'tanische  Practicum,"  or  with  this  excel 
jaofi  £:r^''%i^  v<.vc  i«  %  ^)de,  the  student  can  have  do  excuse  foi 
J».-^  .f'  ]c*.tvJk  a>>)iuinUuKe  with  histological  manipulation. 

G.   L.   o. 

*.    JWfJkfM^  ^  jSna-fMnif  attti  Phyaiohgicat  Botany,  by  Otto 

wT  TteMiS  aMi   AuntXP    W.    Bknnktt.     {Longmans,  Greeu  & 

(-  ~     '  i»  is  the  fifth  e<lition  of  a  useful  book. 

-  luns  ol  the  treatise  fairly  down  to  the  eve 

■  f*  it  »  well   proportioned  treatise.     It  is, 

the  $triotest  sense  of  the  term,  and  in  no 

{v;xetical  manipulation  which  is  afforded 

>k>ve.     The  student  preparing  for  an  ex- 

^>)ue  gives  in  small  compass  exactly  the 

the  question-papers  set   in   the    earlier 

,-re«  i>f  M.B.  and  B.Sc.     To  the  general 

a  the  svographical  distribution  of  plants 

_  jt  M«  «|wv)ally  useful.  G.  L.  G. 

f  ^f^tt  t.'WiftU' :  niMoire,   CuUiii-e,el  Usages  de 

'9    ivN  tSmHUti  o»    inconniies.       Par  A. 

^_^  _  iSri*.  l.ihraire  Agricole  de  la  Maisou 

.  ^ft  9^^  ISjy^ — Tltis  volume  is  a  reprint  from  tiie 

■MbvaM  A'^Ak'-t<iJ<  ifAtvlimalation.     One  of  the 

'Kf^jg|^«»  lh»t  «i.^«ety,  the  other  is  an  assistant  in 

IVtTTurJk'a  of  l*lams.     The  now  classical  volume 

.  .-m^JL.  tnttU  «d  the  esculent  plants  of    large 
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Livation  and  investigates  their  history  and  origin.  This  book 
Its  of  a  hundred  less  known  or  only  locally  known  alimentary 
Dts,  records  the  results  of  trials  in  cultivating  a  considerable 
nber  of  them,  indicates  those  which  promise  well,  and  tells  us 
v  they  may  best  be  cooked.  It  aims  to  extend  the  domain  of 
jfficuUure  potagh^  in  Europe  by  introductions  from  foreign 
ts  of  plants  which  various  people  regularly  use  for  food,  trust- 
;  that  some  of  them  may  prove  to  be  valuable  acquisitions. 
t  us  note,  as  having  for  us  a  certain  interest,  the  North  Ameri- 
I  plants  which  our  authors  take  into  consideration.  They  are 
itoi  iuberosci^  which  was  vaunted  as  a  most  hopeful  substitute 
the  potato  in  the  days  of  potato-rot  in  France,  but  which, 
turally  came  to  nothing,  which,  indeed,  would  never  have  been 
loght  of  except  for  the  tradition  of  its  use  by  the  aborigines  of 
»w  Bngland.  Camassia  esculentay  the  Quamashy  upon  the 
Ihs  of  which  the  Indians  of  Oregon  were  largely  nourished, 
traduced  into  France,  these  bulbs  were  pronounced  to  be  a 
inty  dish ;  but  our  author's  attempts  to  cultivate  them  on  a 
rge  scale  completely  failed.  Claytonia  per/olicUa^  which,  as  a 
oeedaneum  for  spinach  in  summer,  is  said  to  furnish  ^*  un  aliment 

rble."  Melathria  pendula^  the  berries  of  which  have  been 
recommended  for  pickles  I  Naturally  our  authors  do  not 
oommend  them.  Phytolacca  clecandra^  the  spring  shoots  just 
isbing  from  the  ground,  used  in  the  manner  of  asparagus,  so 
led  indeed  in  some  parts  of  the  United  States.  It  seems  that  of 
te  they  have  been  largely  supplied  to  the  Paris  market  M. 
aillieux  reports  that  some  people  seem  to  like  them,  that  he 
ids  them  rather  tasteless,  and  that  ho  has  eaten  them,  in  small 
laotity  indeed,  without  any  ill  effects.  Probably  the  largest 
ie  of  our  Poke  in  France  is  for  the  rich  coloring  matter  of  the 
irries  in  ?rine-making.  P^orcUea  esculentay  of  the  Upper  Missouri 
igion,  the  tuberous  roots  of  which,  being  very  farinaceous,  were 
troduced  into  France,  forty  years  aeo,  to  be  a  substitute  for  the 
iliog  potato,  but  which,  as  might  nave  been  expected,  proved 
1  utter  failure.  In  fact  the  contributions  of  North  America  to 
le  kitchen-garden  (deduction  made  of  HeliarUhuB  tuberosus) 
Doant  to  nothing.  The  authors  of  this  work  evince  a  wonderful 
opefulness  by  asking  (in  a  private  communication)  to  be  sup- 
Bed  with  the  means  for  makmg  trial  of  some  other  Indian  food 
lants,  such  as  Lewisiay  the  tuberous-rooted  species  of  CaUirho^^ 
Jakamorrhiza  and  Peucedanum^  Valeriana  edtUis^  etc.  They 
Yen  ask  for  Aackpias  tuberosa.  This  reminds  us  that— fudging 
rom  the  recollections  of  boyhood — the  venial  shoots  of  Aadepias 
^mitUi,  our  common  milk-weed,  make  the  best  of  substitutes  for 
^ragus. 

More  important  plants  than  these,  mainly  from  tropical  or  sub- 
;ropical  regions,  are  reported  on  in  this  book,  some  of  them,  such 
18  the  various  kinds  of  Yam,  at  full  length.  The  volume  is  rather 
I  series  of  reports,  than  a  treatise.  The  practical  and  also  truly 
scieDtifc  work  is  VilmoriD^B  Piantes  Potag^res.  k,  Q. 
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4.   Contributions  to  American  Botany^  XII ;  by  Sbbbno  Wat- 
son.      Extr.  Proc.  Am,  Acad.,  xx.  Feb.  21,  1886,  pp.  324-374, 
with  a  full  index. — ^Tbis  last  particular  is  one  of  the  good  poiots 
of  Dr.  Watson's  papers,  an  extra  finish  which  botanists  are  thank- 
fal  for,  none  the  less  because  they  cannot  generally  expect  it.    A 
most  important  '^  contribution  "  indeed,  one  in  which  the  essential 
results  of  very  prolonged  study  and  critical  toil  are  condensed 
into  less  than  thirty  pages,  is  the  History  and  Revision  of  the 
Roses  of  North  America.    The  "  History  "  any  one  can  read  with 
interest ;  the  '^  Synopsis  of  Species  "  (18  in  number,  which  European 
treatment  might  have  quadrupled,  and  which  ''the  extreme  of 
possible  reduction  "  mi^ht  condense  into  nine)  presents  the  botaih 
ist  with  a  convenient  view  of  the  leading  differential  characten; 
then  we  have,  under  proper  divisions,  sufficiently  detailed  descrip- 
tions, habitat,  and  a  particular   mention   of  localities  and  col- 
lectors.    Thanks  to  our  botanists  and  curators,  nearly  all  the 
principal  herbarium-material  in  the  country  was  in  the  moiio> 
grapher's  hands,  and  a  part  of  that  in  the  Gray  herbarium  had 
previously  been  examined  by  Cr6pin  in  Belgium.     Let  us  hope 
that  our  Koses  may  now  be  fairly  well  and  readily  understood  ij 
our  botanbts,  that  the  attention  which,  with  such  help,  they  will 

fenerally  receive  may  lessen  rather  than  increase  the  remabbg 
oubts  and  ambiguities,  and  that  this  judicious  monograph  may  do 
its  part  in  preserving  our  American  rhodology  from  the  fearful 
state  which  that  of  the  Old  World  presents. 

The  other  article  of  the  present  contribution  consists  of  ^De- 
scriptions of  some  New  Impedes  of  Plants^  chi^y  from  cm 
WeHern  Territories^'^  which  have  recently  been  brought  to  light 
by  our  various  zealous  collectors,  and  which  are  examined  in  the 
course  of  preparation  of  the  Flora  of  North  America.  A  few 
already  published  plants  are  mentioned.  Among  them  is^tomt^ 
quta  etnarginata  of  Miers,  a  rare  Capparideous  shrub  of  a  pecu- 
liar genus,  which  Miers  discovered  in  the  province  of  MeDdoza, 
in  about  the  same  latitude  in  the  southern  hemisphere  that  Mr. 
Pringle  found  it  in  the  northern,  namely  in  the  northwestern 
borders  of  the  Mexican  State  of  Sonora.  As  far  as  we  can  see 
there  is  no  difference  between  the  specimens  from  these  widely 
disjoined  stations,  the  only  two  known.  Dr.  Kellogg's  (Enothera 
arborea^  which  he  long  ago  figured  in  the  Hesperian  is  taken  ap 
and  described  aright  as  Hauya  Caiifoniica.  It  would  have  been 
better  to  follow  the  general  rule  of  retaining  the  original  specific 
name,  and  also  to  have  avoided  ^^  Califomica.^  For,  althoaeh  ^ 
the  country  which  this  shrub  inhabits  was  the  original  California, 
it  is  not  our  California. 

Tetracocciis^  the  only  new  genus  described  in  this  paper  is  inter- 
esting as  being  the  last  plant  studied  and  named  by  Engelmann. 
It  was  discovered  by  Dr.  Parry  in  Lower  California,  in  the  winter 
of  1S^«  but  male  fiowers  and  mature  fniit  were  obtained  by  bis 
young  friend,  Charles  R.  Orcutt,  a  year  and  a  haH  later.  Both 
sent  materials  to  the  Gray  RetbaI\\KII^  axA  \\  ^«a  «ii^^^oaed  that 
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eft  to  be  published  from  here.  But  meanwhile  Dr.  Parry, 
:M>verer,  thought  best  to  bring  out  the  genus  in  Southern 
lia,  in  Orcutt's  '^  Western  Scientist;^  and  so  Turo/coecue 
uSj  Engelm.  and  Parry,  was  published  while  the  Te^raeoc- 
igelmann)  JBhgeimanni^  Watson,  was  here  in  press. 
Duld  perhaps  be  here  noted  that  there  is  a  somewhat  earlier 
Q  the  same  (twentieth)  volume  of  the  Proceedings  of  the 
an  Academy  of  Arts  and  Sciences,  by  the  present  writer 
17-310),  comprising  A  Revision  of  some  Borragineoue 
\  (Omphalodee^  Krynitzkia^  Piagioaoirya)^  Notes  on  some 
^n  Species  of  Utrieularia^  New  Oenera  ofArieona^  Calir 
etc.,  and  Oamopetaks  MisceUanecs.  A  ]ai|^e  share  of  the 
18  aiso  of  Dr.  Watson's  Misoellane»,  are  from  the  inter- 
collections  made  last  year  by  Mr.  Pringle,  with  no  small 
ip  and  suffering,  alon^  the  frontiers  between  Ariaona  and 
Thb  year  Mr.  Pnngle,  with  his  usual  seal  and  with 
nt  prospects,  undertook  the  exploration  of  the  State  of  Chi- 
\\  Dut  when  about  to  enter  into  the  most  alluring  yet 
ons  field,  that  of  the  Sierra  Madre  Mountains,  he  was  pros- 
by  a  return  of  last  year's  fever,  and  has  been  obliged  to 
home  for  recuperation.  Let  us  hope  that  the  air  of  his 
Vermont  will  soon  restore  him  to  wonted  health,  and  to 
tanical  explorations  for  which  he  is  remarkably  fitted,  and 
3h  he  bears  the  palm.  a.  g. 

yUcs  Afield  about  Plants  and  the  Science  of  Plants^  by  L. 
iLBT,  Jr.  (Boston:  Houghton,  Mifflin  A  Co.,  1885,  pp.  173, 
,  are  pleasant  talks,  well  adapted  to  inspire  an  interest  in 
and  botany,  sensible  and  instructive  in  wliat  is  said,  equally 
le  in  the  omission  of  the  technical  and  recondite  matters 
are  too  commonly  crowded  into  books  of  this  sort.    a.  o. 

IV.  Miscellaneous  Scientific  Intelligence. 

leport  of  the  Secretary  of  the  Smiihsofiian  Institution^ 
sor  Spencer  F.  BAiBD,/or  the  year  1884.  98  pp.,  8vo. — 
mithsonian  Institution  has  become  a  great  center  fdV*  the 
ion  and  diffusion  of  knowledge.  Considering  the  amount 
or  and  investigation  carried  forward,  the  expenditure  for 
.ppears  very  small — 43,613.36  dollars  out  of  the  total  in- 
which  was  68,994.20  dollars.  The  explorations  promoted 
!  institution,  which  have  in  past  time  done  more  for  ^^  in- 
jg  our  knowledge  of  the  physical  condition  and  natural 
Y  of  various  parts  of  the  globe,  especially  on  the  continent 
erica,"  than  any  other  single  agency  in  the  land,  were  car- 
►n  in  1884  partly  in  cooperation  with  the  U.  S.  Signal 
e,  the  Geological  Survey  and  the  Fish  Commission,  in  Green- 
Labrador,  Alaska,  British  Columbia  and  Washington  Ter- 
,  Arizona,  New  Mexico,  Mexico,  Central  America,  and  other 
18.  The  quarto  volume  of  the  Smithsonian  Contributions  to 
hdge,  published  during  the  year,  is  that  ot  I>t.  C.  'R^^xjl  qu 
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"Prehistoric  Fishing  in  Europe  and  North  America,**  a  wc 
already  noticed  in  this  Journal.  Not  the  least  of  the  bene! 
conferred  by  the  Smithson  gift  is  the  free  system  of  intematioi 
exchanges  of  scientific  publications  carried  on  by  it.  Dari 
1884  over  65,000  packages  were  thus  distributed,  of  an  aggregi 
weight  of  nearly  154,000  pounds.  The  institution  has  also  be 
a  chief  reliance  in  State  and  International  Exhibitions  and  h 
brought  great  credit  to  the  country  and  done  it  great  service 
its  labors  in  this  direction. 

Further,  the  care  and  enlargement  of  the  National  Mnsea 
although  supported  by  appropriations  from  Congress,  ha 
become  a  prominent  object  with  the  institution.  The  gra 
museum  is  an  expression  of  the  efficiency  of  the  present  secretai 
Professor  Baird. 

2.  American  Association  for  the  Advancement  of  Science, 
The  arrangements  made  by  the  local  committee  for  the  oomi 
meeting  are  noticed  on  page  87.  For  all  matters  pertaining 
membership,  papers,  and  business  of  the  Association  the  pern 
nent  Secretary,  F.  W.  Putnam,  should  be  addressed,  at  Salem 
August  20,  and  at  Ann  Arbor,  Michigan,  from  August  20  to  S< 
tember  2. 

The  President  of  the  session  is  H.  A.  Newton  of  New  Hav< 
Ct. ;  the  Vice  Presidents,  J.  H.  Van  Vleck  of  Middletown,  C 
in  Mathematics  and  Astronomy ;  C.  F.  Brackett  of  Princet< 
N.  J.,  in  Physics;  W.  R.  Nichols  of  Boston,  Mass. ;  J.  B.  We 
of  Ithaca,  in  Mechanical  Science;  B.  G.  Wilder  of  Ithaca, 
Biology ;  S.  H.  Gager  of  Ithaca,  in  Histology  and  Microscop; 
W.  H.  Dall  of  Washington,  in  Anthropology  ;  and  £.  Atkins 
of  Boston  in  Economic  Science  and  Statistics. 

3.  Report  on  the  Museums  of  America  and  Canada/  by 
Ball.  34  pp.  8vo. — Mr.  Ball,  formerly  connected  with  the  geoh 
ical  Survey  of  India,  is  now  Director  of  the  Science  and  I 
Museum,  Dublin.  His  observations  on  American  Museums  w< 
made  during  his  visit  to  the  country  last  summer,  and  with  spec 
reference  to  the  improvement  of  the  arrangements  in  the  mosei 
unde^  his  charge,  and  not  without  some  profit,  as  he  states  in  ! 
report. 

The  Sun:  A  familiar  description  of  his  phenomenaf  by  the  Rev.  Thomas 
Webb.     80  pp.  12mo.    New  York,  1885.    (Industrial  Publication  Oompany.) 

An  Introduction  to  Praciical  Chemistry,  including  Analysis,  by  John  B.  B> 
man;  edited  by  Charles  L.  Bloxam.  Eighth  edition.  248  pp.  12mo.  I*hilai 
phia,  1885.    (P.  Blakiston,  Son  A  Co.) 

An  Introduction  to  Practical  Organic  Analysis,  adapted  to  the  requirementi 
the  first  M.  B.  Examination,  by  Oeorge  E.  R.  Ellis.  72  pp.  12mo.  London,  U 
(Longmans,  Green  t  Co.) 

OBITUABY. 

Titian  R.  Pbale,  of  Philadelphia,  died  on  the  Idth  of  Mar 
1885,  in  his  86th  year.  Mr.  Peale  was  one  of  the  Naturalists 
the  Wilkes  Exploring  Expedition.  He  was  for  twenty-foar  ye 
connected  with  the  Fatent  Office  at  Washington. 
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ftp  10^  Mth  Hoe  from  top,  for  Aopul,  r««l  September  1 7th.  . 
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IT.  XXIV. —  Origin  of  Coral  Reefs  and  Islands;  by  James  D. 

Dana. 

[Continued  from  page  106.] 
Pabt  II.     The  Objections  considebbd. 

The  objections  to  the  Darwinian  theory  may  be  considered 
.  the  following  order : 

I  Darwin's  insufficient  knowledge  of  the  facts  bearing  on  the 
ibject 

H.  Subsidence  not  ordinarily  a  fact  because  methods  of  produc- 
Dg  barrier  reefs  and  atolls  have  been  brought  forward  that  do 
lot  require  its  aid. 

nL  The  occurrence  of  cases  of  elevation  in  regions  of  atolls 
Ukd  barrier  reefs  inconsistent  with  the  subsidence-theory. 

IV.  No  ancient  coral  reefs  in  the  geological  series  have  the 
peat  thickness  attributed  by  the  subsidence-theory  to  modem 

reefs. 

7.  Other  methods  of  explanation  and  their  supporting  evidence. 

The  adverse  remarks  directed  against  the  idea  of  a  sinking 

vwi/t'nfn^  in  the  Pacific  as  the  initial  condition  in  the  coral-reef 

obsidence  are  outside  of  the  present  discussion  for  the  reason 

Sated  on  the  first  page  of  this  paper.    In  the  following  pages 

le  objections  are  first  explained,  under  the  above-mentioned 

lads,  and  then  follow,  in  paragraphs  lettered  a,  6,  c,  etc.,  the 

iter's  discussions  of  the  several  points. 

Lie  JovM.  SoL-^TsmD  Ssaaa,  Vol,  XXX,  No.  117.— Sept.,  l%%lb. 
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I.  DarwMs  insufficient  knowledge  of  the  facts. 

In  the  Address  referred  to  in  the  opening  page  of  this  article, 
Dr.  Greikie,  speaking  of  Darwin,  observes :  **  It  should  be  borne 
in  mind  that,  compared  with  more  recent  explorers,  he  did  not 
enjoy  large  opportunities  for  investigating  coral  reefa"  "He 
appears  to  have  examined  one  atoll,  ii^e  Keeling  Reef,  and  one 
barrier-reef,  that  of  Tahiti."  "  By  a  gradually  widening  circle 
of  observations  a  series  of  facts  has  been  established  which  were 
either  not  known,  or  only  partially  known,  to  Darwin." — The 
authors  appealed  to  for  the  views  that  are  presented  as  a  substi- 
tute for  Darwin's  are  Prot  Karl  Semper,  who  has  examined  and 
described  reefs  of  the  Pelew  and  Philippine  Islands  ;  Dr.  J.  J. 
Rein,  who  has  published  on  the  physical  geography  of  the  Ber- 
mudas; Prof.  Alexander  Agassiz,  who  has  written  on  the 
Florida  reefs  and  others  in  that  vicinity  ;  and  Mr.  John  Murray 
of  the  Challenger  Expedition,  whose  investigations  were  made 
at  Tahiti:  all  able  men  in  science  whether  more  learned  or  not 
than  Darwin  on  the  special  subject  under  discussion.  Thefiicts 
from  **a  widening  circle  of  observations"  referred  lo  comprise 
the  physical  and  biological  results  of  deep-sea  exploration. 
The  writer  is  mentioned  as  one  of  the  ''competent  observers" 
who  had  given  "  independent  testimony"'  in  favor  of  Darwin^s 
views  after  "at  least  eoual  opportunities  of  studying  the  sub- 
ject," and  as  he  has,  in  these  later  years,  looked  into  the  new  facts, 
e  has  at  least  a  claim  to  a  hearing. 

As  to  Darwin's  knowledge,  it  appears  to  the  writer  that  the 
apology  offered  in  the  above  citations  was  not  needed.  In  his 
detailed  investigation  of  Keeling  atoll — a  good  example  of 
atolls  and  like  all  the  rest  in  its  principal  features — and  in  his 
examination  of  the  Tahitian  reefs,  followed  up  by  a  careful 
study  of  other  atolls  and  reefs  of  the  ocean  through  the  maps 
and  descriptions  of  former  surveying  expeditions,  he  had  a 
broad  basis  for  judgment  and  right  conclusions.  When  the 
second  edition  of  his  work  was  published  in  1874,  many  of  the 
important  facts  from  deep-sea  exploration  were  already  known; 
and  later  he  learned  of  the  more  recent  results ;  and  he  did  not 
recant.  A  letter  of  his,  of  October  2nd,  1879,  published  by 
Mr.  Semper,  while  admitting  with  characteristic  fairness  the 
interest  of  the  facts  collected  by  the  latter,  expresses  his  con- 
tinued adherence  to  the  opinion  "that  the  atolls  and  barrier 
reefs  in  the  middle  of  the  Pacific  and  Indian  oceans  indicate 
subsidence." 

The  writer,  as  his  expositor,  may  be  excused  for  adding  here 
that  his  own  "  independent  testimony"  was  based  on  observa- 
tions among  coral  reefs  and  islands  in  the  Pacific  during  parts 
of  three  years,  1839,  1840  and  1841 ;  that,  besides  worJring 
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mong  the  reefs  of  Tahiti,  the  Samoan  (or  Navigator)  Islands, 
Dd  the  Feejees  (at  this  last  group  staying  three  months),  he  was 
Iso  at  the  Hawaian  Islands;  and,  in  addition,  he  landea  on  and 
athered  facts  from  fifteen  coral  islands,  seven  of  these  in  the 
'aumotu  Archipelago,  one,  Tongatabu,  in  the  Friendly  Group, 
ffo,  Taputeuea  and  Apia,  in  the  Gilbert  Group,  and  five  others 
ear  the  equator  east  of  the  Gilbert  Group,  Swain's,  Fakaafo, 
•atafu  (Duke  of  York  s),  Hull  and  Enderbury  Island.*  The 
Titer  may,  therefore,  be  acquitted  of  presumption  if  he  states 
is  opinion  freely  on  the  various  questions  that  have  been 
rought  into  the  discussion  by  other  investigators.  Syinpa- 
tiising  fully  with  the  sentiment  expressed  in  the  words,  "  The 
xarople  of  Darwin's  own  candor  and  over-mastering  love  of 
rath  remains  to  assure  us  that  no  one  would  have  welcomed 
resh  discoveries  more  heartily  than  he,  even  should  they  lead 
Uhe  setting  aside  of  some  of  his  work,"  and  knowing  that  we 
re  all  for  the  truth  and  right  theory,  he  has  reason  to  believe 
hat  those  who  have  been  led  to  object  to  Darwin's  conclusions 
nil  be  pleased  to  have  their  objections  reviewed  by  one  who 
as  a  personal  knowledge  of  many  of  the  facts. 

L  Subsidence  not  ordinarily  a  fact  because  methods  of  origin 
have  been  brought  forward  that  do  not  require  its  aid. 

It  is  urged  that,  while  subsidence  may  have  happened  in 
Bveral  cases,  it  is  not  at  all  necessary  to  the  making  of  barrier 
sefs  and  atolls ;  that  "  subsidence  has  been  invoked  because 
0  other  solution  of  the  problem  seemed  admissible;"  that  the 
solution"  by  subsidence  "  is  only,  an  inference  resting  on  no 
ositive  proofs."! 

a.  Darwin's  usual  methods  were  not  such  as  these  words  imply, 
nd  we  think  that  he  was  true  to  those  methods  in  his  treat- 
ment of  coral  island  facts.  Darwin  can  hardlj'  be  said  to  have 
invoked"  subsidence.  Subsidence  forced  itself  upon  his  at- 
sntion.  He  saw  evidence  that  it  was  a  fact,  and  the  theory 
ame  ready-made  to  him.  The  proof  of  subsidence  from  the 
elations  in  form,  structure  and  history  between  atolls  and  the 
arge  barrier  islands,  like  the  Gambier  Group,  Raiatea,  Bolabola 
indHogoleu,  scarcely  admitted,  he  says,  of  a  doubt;  and  other 
iactB  were  all  in  harmony  with  it.  This,  his  chief  argument, 
"ith  the  enforcing  evidence  in  my  Report,  (see  §§  4  and  10  of 
Part  I  of  this  paper)  is  not  set  aside  and  not  mentioned  in  the 
Address  from  which  the  above  sentences  are  cited. 

h.  Darwin  observes  that  "from  the  nature  of  things  it  is  scarcely 

*  These  flye  ialaoda  are  on  the  map  of  the  Central  I^acific  accompaDjing  Part  I 
^  tiaa  paper.     Hull's  Island,  is  "  Sydney"  of  the  writer's  Expedition  Report. 
\  Address,  page  24. 
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possible  to  find  direct  proof  of  subsidence/'  recognizing  the  ^ 
that  subsidence,  unlike  elevation,  puts  direct  testimony  out  o: 
sight.  But  still  it  has  left  evidence  which  he  perceived  anc 
thought  convincing:  and  this  stands,  whatever  virtue  then 
may  be  in  other  explanations. 

Moreover,  we  have  now  direct  testimony  for  subsidence,  from 
the  facts  brought  forward  (for  another  purpose)  by  Mr.  Murrej, 
as  is  set  forth  beyond. 

ni.  7%«  occurrence  of  cases  of  elevation  in  regions  of  atoHs  and 

barrier  reefs. 

The  fact  that  elevated  reefs  and  other  evidences  of  elevation 
occur  at  the  Pelews,  a  region  of  wide  barrier  reefs  and  atolls, 
has  been  presented  by  Prof.  Karl  Semper,*  after  a  study  of 
those  islands,  as  an  objection  to  the  theory  of  subsidence ;  for  we 
have  thereby  (in  the  words  of  the  Address),  **  a  cumbrous  and 
entirely  hypothetical  series  of  upward  and  downward  move* 
ments."  Prof.  Semper  reports  the  existence  of  reefa  raised 
200  to  250  feet  above  the  sea-level  in  the  southern  third  of  the 
larger  of  the  islands,  while  the  other  two  thirds  exhibit  evi- 
dence of  but  little,  if  any,  elevation. 

a.  Such  facts  are  of  the  same  geneml  character  with  those  of 
other  elevated  reefs  and  atolls  discussed  in  §§  12,  13,  16  of 
Part  I,  and  the  same  explanation  covers  them.  The  Pelew 
region  is  one  of  comparatively  modern  volcanic  rocks  and  this 
renders  local  displacements  a  probability. 

b.  The  occurrence  of  great  numbers  of  large  and  small  masses 
of  coral  rock,  in  some  places  crowded  together,  upon  the  weit- 
em  or  leeward  reef  of  the  several  Pelew  islands,  and  of  none  on 
the  eastern  reef,  is  mentioned  as  evidence  against  subsidence 
and  in  favor  of  some  elevation  :  because.  Professor  Semper  says, 
the  strongest  wind-waves  on  the  western  side  are  too  feeble  to 
break  ofT  and  lift  on  the  reef  so  large  masses,  some  of  them  (as 
his  words  imply  rather  than  distinctly  state)  ten  feet  thick. 

But  the  difficulty  does  not  exist  in  fact;  for  earthquakes 
may  have  made  the  waves.  The  region  just  west  of  thePdews 
is  one  of  the  grandest  areas  of  active  volcanoes  on  the  dobe» 
Tt  embraces  the  Philippine  Islands,  Krakatoa  and  other  volcanic 
islands  of  the  Sooloo  sea,  Celebes,  etc.  The  agents  that  ooold 
do  the  work  were  there  in  force.  To  the  eastward,  in  contrast, 
lie  the  harmless  islands  of  the  Caroline  Archipelago,  mostly 
atolls,  serving,  perhaps,  as  a  breakwater  to  the  Pelews. 

The  small  elevation  referred  to  is  therefore  not  proved  by  the 

*  First  in  1868,  Zeitschr.  Wissensch.  Zool,  xiii,  568 ;  additions  in  Die  PliilippiDec 
und  ihre  Bewohner,  Wurzburg,  1869;  and  still  later  m  bis  '*  Animal  life"  pat^ 
liabed  in  Appleton's  Internationai  Scientific  Series  in  1881. 
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lence  adduced  ;  and  yet  it  may  be  a  fact  without  affecting 
theory  of  Darwin,  as  1  have  fully  illustrated.* 
t  is  important  to  have  in  mind  that  the  coral-reef  era  prob- 
r  covered  the  whole  of  the  Quaternary  and  perhaps  the  Plio- 
3  Tertiary  also,  and  hence  the  local  elevations  that  have 
m  place  in  the  ocean  were  not  crowded  events  of  a  short 
od. 

Toreover,  these  local  elevations  in  coral  seas  are  spread  over 
area  of  25,000,000  square  miles.  As  an  example  of  the 
I  distances:  the  Paumotu  Archipelago,  consisting  of  more 
1  eighty  atolls  and  two  barrier-islands,  and  covering  about 
,000  square  miles,  contains  only  three  or  four  atolls  that  are 
r  twelve  feet  high  ;  and  of  these,  Metia  is  250  feet  in  height, 
»ibeth,  80  feet,  Dean^s  probably  where  highest,  15  or  20 
.  Metia  is  one  of  the  westernmost,  near  148®  13'  W.  and 
50'  S. ;  Dean*8  is  60  miles  to  the  north-northeast  of  Metia, 
Elizabeth  is  far  to  the  southeast,  in  128®  W.  and  25®  50'  S., 
learly  1450  miles  distant  from  Metia.  Locate  these  points 
I  continent,  and  Pacific  distances  and  the  length  of  Pacific 
ns  of  atolls  will  be  appreciated. 


— iVb  ancient  coral  reefs  have  the  thickness  attributed  by  the 
Bubaidenc&'th^ory  to  modem  reefs. 

iQ  argument  against  the  subsidence-theory  is  based  by  Prof. 
.  Rein  f  on  the  alleged  fact  that  the  thickness  attributed  to 
lern  reefs  is  far  beyond  that  of  any  such  reefs  in  earlier 
j;  that  is,  the  thickness  is  unprecedented.  The  argument 
des  nothing.  The  question  is  one  of  geological  fact,  not  to 
etiled  by  a  precedent  Whether,  then,  there  areprecedents 
t>t  it  is  not  necessary  to  consider. 

esides  this,  it  implies  a  distinction  between  coral-made  and 
knade  rocks  which  does  not  exist.  The  coral-reef  rock  is 
jly  made  of  shells,  and  the  process  of  formation  for  a  lime- 
e  of  shallow-sea  origin  is  essentially  the  same  whether 
Is  or  corals  are  the  predominant  or  the  sole  material.  No 
c  formation  of  any  kind  of  rock  was  ever  made,  or  could  be 
e,  by  shore  or  shallow-sea  operations  without  a  slowly 
inued  subsidence  or  a  corresponding  change  of  water-levet 

[r.  Semper's  objection  to  the  theory  of  subsidence  based  on  the  coexistence 
kinds  of  reefs  in  the  Pelews.  atoll,  fringing  and  barrier,  with  no  reefs  about 
island,  and  from  the  relative  steepness  of  the  submarine  slopes  on  the 
ind  west  reefs  of  an  island  have  been  sufficientlj  met  in  Part  I 
)r.  Bein's  first  memoir  on  Bermuda  appeared  in  the  Senckenberg  Ber.  natur- 
b.  Gtosellschaft,  1869-70,  p.  157,  and  the  later  in  the  Verhaiidlung  des  I. 
ich.  Geographentagee,  1881,  Berlin,  1882.  The  above  argument  is  from  the 
r  paper,  and  is  given  here  from  the  citation  by  Dr.  Geikie,  the  publication 
)eiQg  accessible  to  the  writer. 
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V. —  Other  methods  of  explanation,  and  their  supporting  evidenes. 

A.  Mr.  John  Murray,  one  of  the  able  naturalists  of  the  Chal- 
lenger Expedition,  reports  the  following  important  results  from 
soundings  off  northern  Tahiti,  made  under  his  supervision  and 
that  of  the  surveying  oflBcer.* 

Along  a  line  outward  from  the  edge  of  the  barrier  reef  there 
were  found  :  (1)  for  about  250  yards,  a  shallow  region  covered 
partly  with  growing  corals,  which  deepened  seaward  to  40  fath- 
oms ;  (2)  for  100  yards,  between  the  depths  of  40  and  100  fathoms, 
a  steeply  but  irregularly  sloping  surface  which  commenced  with 
a  precipice  of  75°  and  had  a  mean  angle  exceeding  46°  ;t  then 
(3)  for  150  yards  a  sloping  bottom  30°  in  angle ;  (4)  then  a  con- 
tinuation of  this  sloping  surface,  diminishing  in  a  mile  to  6^,  at 
which  distance  out  the  depth  found  was  590  fathoms  (8,640 
'  feet).  Over  the  area  (2),  or  the  100  yards  between  40  and  100 
fathoms,  the  bottom  was  proved  to  be  made  of  large  coral 
masses,  some  of  them  "  20  to  30  feet  in  length,*'  along  with 
finer  debris ;  outside  of  this,  of  sand  to  where  the  slope  was  re- 
duced to  6° ;  and  then  of  mud,  composed  "  of  volcanic  and 
coral  sand,  pteropods,  pelagic  and  other  foraminifers,  coccoliths^ 
etc." 

These  observations  have  great  significance.  They  show  (1) 
that  the  feeble  currents  off'  this  part  of  Tahiti  carry  little  of  the 
coral  debris  in  that  direction  beyond  a  mile  outside  of  the  grow- 
ing reef ;  (2)  that  a  region  of  large  masses  of  coral  rock  and 
finer  material  occurs  at  depths  between  240  and  600  feet;  (8) 
that,  a  mile  out,  the  bottom  has  the  slope  nearly  of  the  adjoin- 
ing land,  and  in  this  part  is  covered  with  the  remains  of  pelagic 
life. 

From  the  second  of  these  facts — the  great  accumulation  of 
coral  blocks  below  a  level  of  240  feet — -Mr.  Murray  draws  the 
conclusion  that,  in  the  making  of  fringing,  barrier  and  atoll 
reefs,  the  widening  goes  forward  (a)  by  making  first  upon  the 
submarine  slopes  outside  of  the  growing  reef  a  pile  of  coral 
debris  up  to  the  lower  limit  of  living  reef-corals;  and  then (4) 
by  building  outward  upon  this  accumulation  as  a  base. 

He  also  announces,  after  speaking  of  other  causes  influencing 
the  growth  of  corals,  the  more  general  conclusion  that  "it  ianot 
necessary  to  call  in  subsidence  to  explain  any  of  the  character- 
istic features  of  barrier  reefs  and  atolls,"  and  concludes  thathia 
views  *'do  away  with  the  great  and  general  subsidences"  ap- 
pealed to  by  Darwin. 

a.  The  widening-process,  in  the  first  conclusion,  had  previ* 

*  Proc.  Edinburgh  Roy.  Soc,  Session  1879-80,  p.  505. 

f  Dr.  Geikie  gives  in  his  paper  a  section  of  the  soundinga.  "  on  a  true  Bcal^-* 
vertical  and  horizontal,"  and  in  it  the  upper  steepest  part  of  this  100  yards  bift  ^ 
Blope  o/ about  75°. 
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\y  been  a  part  of  the  Darwinian  theory ;  for,  as  stated  in 
^  (Part  I),  a  fringing  reef,  where  no  subsidence  is  going  on, 
lens  above  and  steepens  its  seaward-slope,  and  it  could  do 
3  only  by  the  process  described :  that  is,  by  building  out  upon 
Ase  of  debris,  or,  more  correctly,  upon  true  coral-reef  rock 
de  by  the  gradual  consolidation  of  the  debris.'^ 
!k  The  brocuder  conclusion  Mr.  Murray  does  not  sustain  by  a 
intion  of  special  facts  from  the  soundings,  tending  directW  to 
)€t  the  question  of  change  of  level,  but  by  attempting  to  show 
It  through  the  eroding  action  of  currents  and  other  means 
I  bad  been  argued  by  Prof.  Semper),  in  connection  with  the 
ooess  already  explained,  reefs  of  all  kinds  can  be  made  from 
bmarine  banks  without  aid  from  subsidence. 
In  this  place  I  confine  myself  to  the  question  as  to  the  fact 

subsidence.  The  only  direct  argument  presented  against 
.bsidence  is  contained  m  the  statement,  that  the  very  broad 
tore-plain  of  Tahiti  shows  that  *'  the  island  has  not  in  recent 
nes  undergone  subsidence,''  and  may  indicate  a  slight  eleva- 
on ;  and  in  this  he  sustains  the  earlier  statement  of  my  Report, 
hich  says  (p.  298)  that  the  broad  shore-plain  of  Tahiti  prob- 
Dly  overlies  in  some  parts  the  fringing  reef,  and  (p.  800)  the 
lore-plain,  if  built  upon  reefs,  as  I  was  assured,  may  afford 
roof  of  a  rise  of  one  or  two  feet"  But  this  admission,  as  I 
ave  explained  for  other  cases  of  local  elevation,  is  in  no  way 
pposed  to  the  theory  of  subsidence. 

c.  The  kind  of  submarine  slopes  to  be  looked  for  off  reefs  is 
Jostrated  by  the  soundings,  as  Dr.  Geikie  indicates.  But  it  is 
iteresting  to  note  that  the  facts,  while  very  important,  sustain 
38tead  of  correcting  those  announced  by  earlier  observers, 
teecbey  and  Darwin  make  the  mean  slope  about  45°,  and  my 
teport  says  40^  to  50^.  I  have  assumea  for  the  slope  of  the 
tottom  outside  of  the  reef-limit  the  same  angle  as  for  the  sur- 
ice^lope  of  the  island  just  above  the  water  level :  6®  to  8®  oflf 
Pabiti,  of  which  5^  is  accepted  as  most  correct,  and  3^  to  5°  off 
Jpolo  ;t  and  the  assumption  as  regards  Tahiti  is  sustained  by  the 
Challenger  soundings.  My  Report  states  (from  the  Expedition 
lunreys)  that  off  IJpolu,  the  bottom  "  loses  more  and  more  in 
he  proportion  of  coral  sand  till  we  finally  reach  a  bottom  of 
mrtby"  and  introduces  this  as  an  argument  against  the  indefi- 
nite drifting  of  coral  sands  into  the  deep  ocean  ;j:  and  this  argu- 
ment the  Tahiti  soundings  sustain. 

With  reference  to  the  occurrence  off  some  shores  of  precipi- 
tous submarine  slopes,  the  Challenger  soundings  give  definite 
hcts  as  to  one  case.     It  leaves  undisturbed  the  previously  re. 

♦  My  Expedition  Geological  Report,  pp.  131,  132,  where  figures  are  given  illus- 
ratiDg  the  effect  of  widening. 
/  Ibid.,  page  47.  f  Ihid.^  page  1 64. 
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ported  cases  of  like  steepness  at  greater  depths ;  for  example, 
the  sounding  of  Captain  Fitzroj  at  Keeling  atoll  f  while  Darwin 
was  there\  2200  yards  from  the  breakers,  in  which  no  bottom 
was  found  at  a  depth  of  1200  fathoms,  but  the  line  was  partlj 
cut  at  a  depth  between  600  to  600  fathoms;  the  sounding  by 
the  Wilkes  Expedition  oflF  Clermont  Tonnerre(Paumotu  Arahi* 
pelago),  where  the  lead  brought  up  an  instant  at  S50  fathoms, 
and  then  dropped  off  again,  descended  to  600  fathoms  witboat 
reaching  bottom,  and  came  up  bruised,  with  small  pieces  of 
white  and  red  coral  attached;  a  sounding  by  the  same  Expedi* 
tion,  a  *' cable's  length  "  from  Ahii,  in  which  the  lead  struck  a 
ledge  of  rock  at  150  fathoms  and  brought  up  finally  at  800 
fathoms.*  All  the  older  soundings  need  to  be  repeated;  bat 
there  must  be  enough  truth  in  those  quoted  to  warrant  the 
remark  that  the  force  of  Darwin's  argument  for  subsidence  from 
the  steepness  of  the  submarine  slopes  about  atolls  is  not  weak* 
ened  by  the  Challenger  results. 

d.  But  the  chief  interest  of  the  Challenger  soundings  con* 
sists  in  their  affording  *' direct"  proof,  ** positive"  proof,  of 
much  subsidence  ;  a  kind  of  proof  that  subsidence  sinks  oat  of 
sight,  and  which  soundings  may  yet  make  available  in  many 
similar  cases. 

That  belt  of  coarse  debris — including  **  masses  20  to  80  feet" 
long — was  found  over  the  steeply  sloping  bottom  at  depths 
between  240  and  600  feet.  These  depths  are  far  below  the 
limit  of  forcible  wave-action.  They  are  depths  where  ihe 
waters,  however  disturbed  above  by  storms,  have  no  rending 
and  lifting  power,  even  when  the  bottom  is  gradually  shelv- 
ing ;  depths,  in  this  special  case,  against  a  slope  which  for  100 
yards  is  75°  in  its  upper  part,  and  in  no  part  under  45®,  the 
vertical  fall  being  860  feet  in  the  100  yards.  Strokes  against 
the  reef- rock  thus  submerged,  and  under  such  conditions,  would 
be  extremely  feeble.  Waves  advancing  up  a  coast,  whether 
storm-driven  waves  or  earthauake-waves,  do  little  rock-rend- 
ing below  the  depth  to  whicn  they  can  bare  the  bottom  for  a 
broadside  plunge  against  the  obstacle  before  them,  although 
the  velocity  gives  them  transporting  power  to  a  greater  depth. 
It  is  the  throw  of  an  immense  mass  of  water  against  the  front, 
with  the  velocity  increased  by  the  tidal  flow  over  a  shelving 
bottom, — the  rate  sometimes  amounting,  according  to  Steven- 
son, to  36  miles  an  hour  or  52'8  feet  a  second, — together  with 
the  buoyant  action  of  the  water,  that  produces  the  great 
effects. 

-   A  vertical  surface  below  the  sea-level  of  20  feet  made  bare 
for  the  broadside  stroke  is  probably  very  rarely  exceeded  even 

*  Ibid.,  ^a^  ^^. 
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in  the  case  of  earthquake-waves ;  and  with  storm-waves,  or 
fcoorded  earthquake- waves,  the  displacement  of  the  water  at  a 
depth  of  240  teet  would  be  at  the  most  only  a  few  inches.  I 
•aw  on  atoll  reefs  no  upthrown  masses  of  coral  rock  over  ten 
fMt  in  thickness  and  twenty  feet  in  length  or  breadth.  It  is 
therefore  plainly  impossible  that  sach  a  oelt  of  debris  should 
have  been  made  at  its  present  level,  or  even  at  a  depth  of  20 
feet ;  and  hence  the  debris  affords  posiiive  proof  of  a  large  aubsir 
Jknee  during  some  part  of  Vie  reef  making  era. 

The  existence  of  the  belt  of  debris  may  be  explained  as 

loUows :  If  the  reef  now  at  a  depth  of  240  feet  were  at  the 

iea-Ievel  as  the  sea-level   reef,   and   subsidence  were  not  in 

pogreas  for  a  period,  the  very  steep  Iront  of  the  reef  now 

just  below  the  240-foot  level  might  have  resulted  from  the 

widening  that  would  have  gone  forward.     And,  under  such 

eonditions,  the  action  of  the  occasional  extraordinary  waves 

might  have  torn  off  masses  from  the  front  which  would  have 

tombled  down  the  steeply  sloping  surface  until  the  belt  of 

debris  had  been  formed.     Then,  with  a  renewal  of  the  slow 

mbsideDcey  the  thickening  of  the  reef  would  have  been   re- 

fomed  and  gone  on  to  its  final  limit,  and  the  rendings  of  the 

great  waves  found  lodgment  at  higher  levels.    The  masses 

DOW  on   atoll  reefs  must  be  from  comparatively  recent  up- 

throwa 

.  This  direct  evidence  of  subsidence  from  Tahiti  renders  it 
reasonable  to  make  subsidence  in  atoll-making  a  general  truth. 
It  is  nevertheless  desirable  that  facts  of  the  kind  should  be 
moltiplied.  The  abrupt  descent  in  the  submarine  slopes  of 
reefs  detected  by  Fitzroy  at  a  depth  below  3000  feet,  and  those 
reported  by  the  Wilkes  Expedition  at  depths  of  2100  and  900 
ieet,  seem  to  indicate  a  similar  rest  at  the  sea  level  and  conse- 
qoeot  reef-widening,  in  the  course  of  a  progressing  subsidence; 
ind  proof  of  this  may  yet  be  found  in  belts  of  coarse  coral- 
rock  debris  at  the  foot  of  the  precipices.  Such  a  period  of 
f«t  would  lead  to  the  forming  of  suomarine  precipices  in  dif- 
ferent regions  contemporaneously  at  different  aepths  according 
\    to  the  rate  of  subsidence  of  the  part  of  the  subsiding  area. 


B.  From  facts  observed  about  the  Florida  reefs,  Lieutenant 
E.  B.  Hunt,  U.  S.  N.,  announced,  in  1863,*  the  conclusion 
that  these  reefs  had  received  their  westward  elongation  through 
the  westward  "sweep  *'  of  an  eddy  current  to  the  Gulf  Stream. 
The  subject,  nearlv  twenty  years  afterwards,  was  more  thor- 
oughly investigated  by  Mr.  Alexander  Agassiz,  and  the  same 

♦This  Journal,  II,  xxxv,  197. 
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conclusion  reached.^  Mr.  Agassiz  made  also  another  im- 
portant observation — that  this  current  is  an  abundant  carrier  of 
marine  life  for  the  feeding  of  the  coral  animals,  and  so  accele- 
rates the  coral  growth  and  accumulation  in  its  direction. 
Combining  with  these  eflFects  others  considered  beyond,  Mr. 
Agassiz  expresses,  like  Mr.  Murray  and  Mr.  Semper,  the 
further  conclusion,  that  all  kinds  or  reefs,  atoll,  fringing  and 
barrier,  may  be  made  without  aid  from  subsidence. 

a.  The  facts,  presented  by  Lieutenant  Hunt,  and  more  fallj 
by  Mr.  Agassiz  with  regard  to  the  effects  of  the  eddy  current 
of  the  Gulf  Stream,  show  that  coral  reefs  may  be  elongated, 
and  also  that  inner  channels  may  be  made,  by  the  drifting  of 
coral  sands.  But  the  action  with  coral  sands  is  essentially  the 
same  as  with  other  sands;  and  illustrations  of  this  drifting 
process  occur  along  the  whole  eastern  coast  of  North  America 
from  Florida  to  Long  Island.  We  there  learn  that  drift-made 
beaches  run  in  long  lines  between  broad  channels  or  sounda 
and  the  ocean  ;  that  they  have  nearly  the  uniform  direction  of 
the  drift  of  the  waters,  with  some  irregularities  introduced  by 
the  forms  of  the  coast  and  the  outflow  of  the  inner  waters  which 
are  tidal  and  fluvial  and  have  much  strength  during  ebb  tide. 
The  easy  consolidation  of  coral  sands  puts  in  a  peculiar  feature, 
but  not  one  that  affects  the  direction  of  drift  accumulation. 

h.  The  great  barrier  reef  off  eastern  Australia,  a  thousand 
miles  long,  has  some  correspondence  in  position  to  the  sand- 
reefs  off  eastern  North  America.  But  it  is  full  of  irregulari- 
ties of  direction  and  of  interruptions,  and  follows  in  no  part 
an  even  line.  In  the  southern  half,  it  extends  out  150  miles 
from  the  coast  and  includes  a  large  atoll-formed  reef;  in  the 
northern  half,  the  barrier  while  varying  much  in  course  is 
hardly  over  30  miles  from  the  land.  There  is  very  little  in  its 
form  to  suggest  similarity  of  origin  to  the  drift-made  barriers 
of  sand. 

c.  In  the  Pacific  Ocean,  the  trends  of  many  of  the  coral 
island  groups,  and  of  the  single  islands,  do  not  correspond  with 
the  direction  of  the  oceanic  currents,  or  with  any  eddy  cur- 
rents except  such  as  are  local  and  are  determined  by  them- 
selves. 

*0n  the  Tortiigas  and  Florida  Reefs,  by  A.  Agassi^  Trans.  Amer.  Acad.,  xi, 
1883. 

Professor  Louis  Agassiz*s  account  of  the  Florida  reefs  was  publiahed  in  the 
U.  S.  Coast  Survey  Reports  of  1861  and  1866,  and  reproduced  in  vol.  vii  of  the 
Memoirs  of  the  Museum  of  Comparative  Zoology.     It  gives  an  excellent  descrip- 
tion of  the  Florida  reefs,  and  of  the  action  of  boring  animals  and  other  iDJariooB 
agents  on  corals,  and  reaches  the  conclusion  that  the  reef  has  been  raised  to  its 
present  level  and  thickness  by  wave  and  current  action,  without  the  aid  of  eleva- 
tion or  subsidence.     The  argimient  is  based  on  such  observatious  as  could  bo 
made  over  the  surface  of  Uie  re^la  eind  \Xift  ts.^\oYQ\iv^  ^^^^-V^ttom^  and  beam  oo- 
the  question  ot  the  necessity  ot  aubaideiice  a.^^  wo\.  Qtw  >Jti^  IwiX  ^  «c5q«Assw». 
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Near   longitude   180°,   as  the  map  of  the  Central  Pacific 
(see  Part  I)  illustrates,  the  equator  is  crossed  by  the  lon^  Gil- 
bert (or  Kingsmill)  Group,  at  an  angle  with  the  meridian  of 
S6^  to  30^,  and  not  in  the  airection  of  the  Pacific  current  which 
18  approximately  equatorial.     This  obliquely  crossing  chain  of 
ttolls  is  continued  northward  in  the  Batack  and  Ralick  Groups 
(or  the  Marshall  Islands),  making  in  all  a  chain  over  1200 
miles  long ;  and,  adding  the  concordant  Ellice  Islands  on  the 
south,  and  extending  the  Ratack  line  to  Gaspar  Rico  its  northern 
ouUier,  the  chain  is  nearly  2000  miles  long.     Nothing  in  the 
direction  of  the  long  range,  excepting  local  shapings  of  some 
of  the  points  about  the  atolls,  can  be  attributed  to  the  Pacific 
eorrents.    Moreover,  the  diversified  forms  of  the  atolls  have 
no  sufficient  explanation  in  the  drift  process. 

dL  Further:  drifting  by  currents  may  make  beaches  and 
iniier  channels  whether  subsidence  is  going  on  in  the  region  or 
BOt,  and  are  not  evidence  for,  or  against,  either  a  movement 
downward  or  upward.  Sandy  Hook,  the  \ovl^  sandy  point  off 
Ae  southern  cape  of  New  York  harbor,  has  been  undergoing 
(as  the  H.  S.  Coast  Survey  has  shown)  an  increase  in  length,  or 
nther  variations  in  length,  through  the  drifting  of  sands  by  an 
outside  and  an  inside  current ;  and  this  is  no  evidence  that 
Professor  G.  H.  Cook  is  wrong  in  his  conclusion  that  the  New 
Jersey  coast  is  slowly  subsiding. 

c  But  even  in  this  region  of  Florida  we  have  strong  evidence 
of  a  great  subsidence  during  tfie  coral  reef  era,  and  all  the  subsi- 
dence that  the  Darwinian  theory  demands. 

In  a  very  valuable  paper  by  Mr.  Agassiz,  published  in  1879 
in  the  Bulletin  of  the  Museum  of  Comparative  Zoology,^  the 
inthor  points  out  that  the  South  American  continent,  in  com- 
pmtiveiy  recent  geological  times,  had  connection   with   the 
West  India  islands  through  two  lines :  (1)  one  along  a  belt 
from  the  Mosquito  Coast  to  Jamaica,  Porto  Rico  and  Cuba ; 
ind  (2)  the  other  through  Trinidad  to  Anguilla,  of  the  Wind- 
ward Islands.     He  sustains  the  conclusion  by  a  review  of  the 
soundings  made  by  the  Steamer  Blake  under  the  command  of 
J.  S.  Bartlett,  U.  S.  N.,  and  a  consideration  of  the  facts  con- 
[     nected  with  the  distribution  of  marine  and  terrestrial  species. 
\     As  the  soundings  show,  the  former  of  the  two  connections  re- 
\     quires  for  completeness  an  elevation  of  the  region  amounting 
I*     to  4060  feet  over  the  part  south  of  Jamaica,  4830  feet  between 
[     Jamaica  and  Hayti,  and  5240  feet  between  Hayti  and  Cuba. 
t     The  other  line  of  connection  requires  an   elevation  of  3450 
;     feet.    An  open  channel,  as  he  observes,  would  thus  be  left  be- 
r     tween  Anguilla  and  the  Virgin  Islands,  where  there  is  now  a 
r     depth  of  6400  feci.     The  close  relations  in  the  existing  fauna 

*Jjj  Bimtract  of  the  paper  is  contained  in  this  JoumaA,  TO,  xVu\,  1^^,  'V^'^^ . 
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of  the  Gulf  to  that  of  the  Pacific  waters  prove  that  it  continaed 
to  be  a  salt-water  c^ulf  through  the  era  of  elevation. 

Mr.  Agassiz  inters  that  the  connection  of  the  West  India 
Islands  with  South  America  existed  before  the  Quaternary  era. 
But  there  are  other  facts  which  seem  to  prove  that  it  was  con- 
tinued into,  or  at  least  was  a  fact,  in  the  Quaternary. 

The  opinion  as  to  a  connection  of  the  Windward  Islands 
with  South  America  in  the  Quaternary  was  presented  by  Pro£ 
£.  D.  Cope  in  1868,  and  earlier,  as  he  states,  by  Pomel,  on  the 
ground  of  the  discovery  in  the  caves  of  Anguilla  of  a  species 
of  gigantic  Bodent  related  to  the  Chinchilla,  as  large  as  the 
Virginia  deer,  and  nearly  equaling  the  Qunternary  Ocutoroida 
of  Ohio.*  Further,  De  Castro,  as  cited  by  Dr.  J.  Leidy  in  (us 
**  Mammalian  Fauna  of  Dakota  and  Nebraska,"  1869,  an* 
nounced,  in  1865,  a  gigantic  sloth  of  the  *' Quaternary,"  from 
Cuba,  which  he  referred  to  the  genus  Megalonyx^  and  Dr.  Leidy 
named  Megalocnus  rodenSy  proving  a  Quaternary  connection  be* 
tween  the  continent  and  Cuba. 

The  fact  of  an  elevated  condition  of  the  region  sufficient  to 
make  Cuba  and  Anguilla  part  of  the  continent  during  the 
earlier  Quaternary,  if  not  in  the  Pliocene  also,  is  thus  madeqaite 
certain.  This  is  fully  recognized  by  Wallaccf  Such  a  condi- 
tion could  hardly  have  existed  without  a  large  elevation  also 
of  Florida,  though  probably  not,  as  Mr.  Agassiz  holds,  to  the 
full  amount  of  the  depression  between  it  and  Cuba — nearly 
3000  feet — because  Cuba  is  most  closely  related  in  fauna  to 
South  America.  The  subsidence  which  brought  the  region 
to  the  present  level  was  consequently  within  the  coral-reef 
period.  It  is  hence  hardly  to  be  doubted  that  the  making 
of  the  Florida,  Bahama  and  other  West  India  coral  reefs  was 
going  on  during  the  progress  of  a  great  subsidenca  None  of 
the  facts  mentioned  by  observers  are  opposed  to  this  view. 

It  is  of  interest  to  note  here  that  on  Cuba  and  Jamaica  there 
are  elevated  coral  reefs,  the  highest  on  Cuba  1000  feet  above  the 
sea,  according  to  Mr.  Agassiz,  and  probably  at  one  point  3000, 
according  to  Mr.  W.  O.  Crosby's  observations,:};  and  on  Ja- 
maica 2000  feet,  according  to  Mr.  Sawkins;  indicating  that 
there  have  been  upward  movements  subsequent  to  the  down- 

*Proc.  Philad.  Acad.  Nat.  Sci.,  1868,  313,  and  Proc.  Philad,  Amer.  PhiL  Soc, 
1869,  183  ;  also  Smithsonian  Contributions  to  Knowledge,  30  pp.  4to  with  5  platM, 
Washington,  1883.  The  last  paper  (prepared  in  1878)  contains  descriptiooBol 
the  following  species  from  the  Anguilla  bone-cave.  Amblyrhiza  inundaia  Cope 
(the  large  Rodent  announced  in  1869),  A.  quudrans  Oo]^,  A.  laUdena  Oope,  m 
Artiodactyl  apparently  of  the  Bovidct  and  a  little  smaller  than  Ovis  arUs.  With 
them  was  obtained  an  implement  (*'  a  spoon-shaped  scraper  or  chisel ")  made  ol 
the  lip  of  the  large  Strombus  gigas. 

f  Geog^aph.  Distrib.  of  Animals,  ii,  60,  78. 

I  Proc.  Boston  Soc.  Nat.  Hist ,  xxiv,  \14,  \8S2,  and  In  abstract  in  this  Jour. 
xxFi.  J 48,  J  883. 
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id.  Mr.  Crosby  argues  that  the  ffreat  thickness  of  the  now 
iTated  reefs  coald  have  been  proaaced  only  ^'  daring  a  pro- 
Bssing  snbsidenoe/'  so  that  '*  we  have  apparently  no  recourse 
it  to  accept  Darwin's  theory." 


C.  It  has  been  urged  bv  Mr.  Semper,  Dr.  J.  J.  Bein,  Mr. 
.  Agaasiz,  Mr.  Murray,  Dr.  Geikie  and  others,  that  since  the 
owing  calcareous  deposits  of  the  sea-bottom  are  slowly  rising 
vrard  the  surface  by  successive  accumulations  of  the  shelS 
d  other  debris  of  marine  species,  they  may  have  been  built 
)  locally  in  various  regions  of  the  deep  seas  (as  they  actually 
e  now*  about  some  islands)  until  they  were  near  enough  to 
e  sur&ce  to  become  nezt  a  plantation  of  corals ;  and  that  in 
is  way,  atolls  became  common  within  the  area  of  the  tropical 
eau&     The  method  is  regarded  as  setting  aside  subsidence. 

0.  The  advocates  of  this  hypothesis  have  not  pointed  to  such 
mound  now  approaching  the  ocean's  surface  on  the  western 
^ider  of  the  Quif  Stream,  where  the  depth  over  the  remark- 
)\j  luxuriant  r^on  is  least ;  and  none  over  any  part  of  the 
epical  Pacific.  It  is  suggested  that  the  Ohagos  Bank  may  be 
le  example ;  but  it  is  not  known  to  be  so.  Professor  Semper 
ites  that  he  found  evidence  of  pelagic  life  instead  of  modern 
trals  in  the  lower  part  of  the  elevated  reefs  of  the  Pelews. 
r.  Geikie  cites  from  letters  by  Dr.  Guppy  in  Nature  of  Nov. 
),  Dec.  6,  1888,  and  Jan.  12,  1884,  the  fact  that  in  elevated 
«b  on  the  Salomon  Islands,  100  to  1200  feet  high,  the  coral 
«k  forms  a  comparatively  thin  layer  over  impure  earthy 
mestone  abounding  in  foraminifers  and  other  pelagic  organ- 
ms,  such  as  Pteropods.  Such  observations  have  great 
iterest,  but  they  only  prove  that,  in  coral-reef  seas,  corals  will 
row  over  any  basis  of  rock  that  may  offer  where  the  water  is 

Sht  in  depth,  and  do  not  nullify  any  of  the  evidences  of  sub- 
ence.  This  point  should  be  kept  before  the  mind  in  all 
itnre  study  of  coral-reef  regions.  Borings  in  coral  islands,  as 
^commended  on  a  former  page,  are  the  true  means  of  investi- 
itinff  it. 

i.  The  old  hypothesis  that  atolls  may  have  been  built  upon 
be  summits  of  submerged  mountain-peaks  or  volcanic  cones 
t  the  right  distance  under  water  for  growing  reef-corals,  or,  if 
lOt  at  the  right  level,  brought  up  to  it  bv  other  organic  depo- 
itions,  or  down  to  it  by  abrasion,  is  urged  by  Mr.  Murray. 

This  writer  observes  that  ^'  the  soundings  of  the  Tuscarora  and 
Challenger  have  made  known  numerous  sub-marine  elevations : 
nonntains  rising  from  the  general  level  of  the  ocean's  bed  at  a 
lepth  of  2600  or  3000  fathoms  up  to  within  a  few  hundred 
moms  of  the  surface/'    But  "a  few  hundred  ialViom%,^^  \l^^ 
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make  few  equal  2,  means  1200  feet  or  more,  which  leaves  a 
long  interval  jet  unfilled.* 

It  is  also  urged  that  some  of  the  "  emerged  volcanic  moan- 
tains  situated  in  the  ocean  basins  '^  may  have  been  wholly  swept 
away  and  left  with  a  few  fathoms  of  water  above  them.  Bat 
this  is  claiming  more  from  the  agents  of  erosion  than  they  could 
possibly  have  accomplished,  as  the  existence  of  an  atoll  in  the 
ocean  and  the  examples  on  coasts  of  wave  and  tidal  action 
prove. 

D.  To  give  completeness  to  the  hypothesis  which  makes 
barrier  and  atoll  islands  out  of  sub-marine  banks  (whether  these 
banks  have  a  basis  of  volcanic  or  other  rocks,  or  of  calcareous 
accumulations),  it  is  necessary  to  show  that  the  waters  of  the 
waves  and  currents  can  make  barrier  islands  and  atolls  out  of 
such  banks  without  subsidence;  and  explanations  to  this 
effect  have  been  given. 

It  is  urged,  in  agreement  with  Darwin,  that  the  outer  po^ 
tions  of  reefs  increase  faster  than  the  inner,  owing  to  the  purer 
water  about  them  and  the  more  abundant  life  for  food ;  that 
the  inner  parts  are  not  only  at  a  disadvantage  in  these  respects 
but  suffer  also  from  coral  debris  thrown  over  them.  They  add 
to  these  causes  of  unequal  growth  mentioned  by  Darwin,  the 
solvent  and  abrading  action  of  the  waters.  i 

It  is  hence  concluded  that,  under  these  conditions,  the  sim- 
ple bank  of  growing  corals  may  have  a  depression  made  a\ 
center,  which,  as  the  process  continues,  will  become  a  lagoon 
basin,  and  the  reef,  thereby,  an  atoll  with  a  shallow  lagoon; 
that  the  atoll,  so  begun,  may  continue  to  enlarge  through  the 
external  widening  of  the  reef  and  the  further  action  of  current- 
abrasion  and  solution  within  ;  or,  in  the  case  of  fringing  reefa, 
that  the  change  may  go  on  until  the  reef  has  become  a  barrier- 
reef  with  an  inner  channel  and  inner  reefs.  It  is  admitted  that 
subsidence  may  possibly  have  helped  in  the  case  of  the  deepest 
lagoons.  , 

Dr.  Geikie  expresses  his  opinion  on  the  subject  thus:  "As  j 
the  atoll  increases  in  size  the  lagoon  becomes  proportionallj  i 
larger,  partly  from  its  waters  being  less  suppliea  with  pelagic 

*  The  actual  depths  over  the  elevations  in  the  Tuscarora  section  between  the 
Hawaian  Islands  and  Japan,  numljering  them  from  east  to  west,  are  as  follows:  , 
1,  11,600  feot;  2,  7500  feet;  3,  8400  feet;  4,  12,000  feet;  5,  9000  feet(thie 
seven  miles  west  of  Marcus  Island) ;  6,  9600  feet.  Whether  ridges  or  peaks  the 
facts  do  not  decide ;  probably  the  former.  No.  1  has  a  base  of  185  miles  with  the 
mean  eastward  slope  40  feet  per  mile  (=1 :  132)  and  the  westward  128  feet  per 
mile.  No.  2  has  a  breadth  of  396  milep,  with  the  mean  eastern  slope  mostly  37 
feet  per  mile,  but  61  feet  toward  the  top,  and  the  westward,  65  feet  per  mile 
(=  1 :96).  No.  3  was  the  narrowest  and  steepest,  it  being  about  100  miles  broad 
at  base  and  haviug  the  mean  easleTn  &lo^  \^1  feet  per  mile  and  the  meao  wtfit- 
ern  200  feet 
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ind  therefore  less  favorable  to  the  growth  of  the  more 
e  kinds  of  corals,  partly  from  the  iDJurious  effects  of  cal- 
8  sediment  upon  coral  growth  there,  and  partly  also  from 
ilvent  action  of  the  carbonic  acid  of  the  sea-water  apon 
ad  coral." 

Semper  gives  examples  of  the  effects  of  currents  at  the 
Islands,  stating  that  by  striking  against  or  flowing  by 
ving  corals  they  make  the  reef  grow  with  steeper  sides 
stermine  its  direction,  and  urging  that  abrasion  and  solu- 
ave  made  not  only  the  deep  laffoon-like  channels,  but  the 
r  channels  between  the  islands.  He  holds  that  in  Kri- 
which  he  describes  as  a  trae  atoll  with  no  channel  leading 
le  lagoon  from  the  sea,  that  the  lagoon  may  have  been 
result  of  the  action  of  currents  on  the  porous  soil 
I  a  period  of  slow  upheaval.*  He  says,  further,  that 
.rge  channel  in  the  main  island  of  the  group  ''forty 
ns  deep  and  many  miles  wide,"  "  finds  an  easy  explana- 
n  the  assumption  of  an  upheaval ;"  it  became  ^'  wider  in 
rtion  as  the  enclosed  island  consisting  of  soft  stone  [tufa] 
radually  eaten  away,  and  during  slow  upheaval  it  would 
ue  to  grow  deeper  in  proportion  as  the  old  porous  por- 
3f  the  reef  and  the  rock  in  which  it  was  forming  were 
and  more  worn  down  by  the  combined  action  of  boring 
Is  and  plants,  and  of  the  currents  produced  by  the  tides 
y  rain.  Mr.  Semper  refers  to  the  dead  depressed  tops 
Tie  masses  of  Porites  near  tide-level  as  the  effects  of  the 
it  of  sediment  over  the  top  of  the  living  coral  and  of 
n  by  the  waves  and  exposure  to  rains  while  the  sides 
lued  to  grow ;  and  the  fact  is  made  an  example  on  a  very 
scale  of  atoll-making.  Other  examples  of  the  action  of 
its,  sediment,  boring  species,  and  the  solvent  action  of 
nic  acid  in  the  waters,  are  mentioned  by  Mr.  Agassiz, 
excellent  account  of  the  "  Tortugas  and  Florida  reefs." 

The  theory,  if  satisfactory,  accounts  not  only  for  the 
I  of  an  atoll,  but  for  the  origin  of  atolls  of  all  sizes,  shapes 
onditions,  and  for  great  numbers  of  them  in  archipelagos 
hains;  not  only  for  channels  through  fringing  reefs,  like 

that  abrasion  in  other  cases  makes,  but  for  all  the  irreg- 
outlines  of  barriers,  for  the   great   barriers  reaching  far 

from  any  land,  and  for  the  positions  and  indented  coasts 

e  small  included  lands.     Is  it  a  sufficient  explanation  of 

lets? 

The  currents  that  influence  the  structure  of  reefs  are :  (1), 

general   movement  or  drift  of  the  ocean,  in  some  parts 

ing  with  seasonal  variations  in  the  winds;  (2),  the  currents 

*  Animal  Life,"  pp.  269,  270. 
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connected  with  wave-action  and  the  inflowing  tide  over  i 
shelving  bottom ;  and  (3),  the  currents  daring  the  ebb,  fiowior 
out  of  channels ;  together  with  (4)  counter-currents.  Et^ 
region  must  have  its  special  study  in  order  to  mark  out  all  tke 
local  effects  that  currents  occasion.  Such  effects  are  prodaoed 
whether  a  secular  subsidence  is  in  progress  or  not,  and  henoei 
particular  review  of  the  subject  in  this  place  is  unnecessary. 

The  shaping  of  the  outside  of  the  reef  and  the  determinatioi 
of  the  width  and  level  surface  of  the  shore-platform  are  doe 
chiefly  to  the  tidal  flow  and  the  accompanying  action  of  wind- 
waves,   as  explained  in  §17  of  Part  I.* 

The  current  that  accompanies  the  ebb  is  locally  the  strong- 
est Owing  to  the  great  width  of  many  barrier  reefs  and  of  the 
channels  and  harbors  within  them,  the  tide  flows  in  over  a  wide 
region.     At  the  turn  in  the  tide  the  waters  escape  at  first  freelj 

*  Since  the  first  part  of  my  paper  was  piiblished  I  haTe  observed  in  an  article  bf 
Mr.  A.  R.  Hunt,  in  the  Scientific  Proceedings  of  the  Royal  Dublin  Society,  ir, 
254,  January,  1885,  the  remark,  referring  to  a  statement  of  the  aboTe  fact  iao^ 
Manual  of  Geology,  that  the  "  statement  though  strictly  in  accordance  witii  Kr. 
Russeirs  theory,  has  so  far  as  I  can  ascertain,  no  foundation  in  fact"  The  8lit»> 
ment,  as  I  have  said  (and  as  I  illustrate  in  my  Geology)  was  but  the  gtatementtf 
a  fact  observed  by  me  first  in  I8B9  on  the  coasts  of  Australia  and  New  Zealui 
without  a  thought  of  any  theory;  and  part  of  the  explanation  is  overlo^ift 
by  Mr.  Hunt.  1  observed  that  the  first  waters  of  the  incoming  tide  swefied  ofer 
the  sandstone  platform  (which  was  a  hundred  yards  or  more  wide  off  the  Ptet 
Jackson  heads),  and  became  thus  a  protector  of  the  sandstone  platform  Eron 
breaker  strokes ;  and  that  the  lower  part  of  the  sandstone  bhif  to  a  height  a 
little  above  high  tide,  was  hollowed  out  by  the  strokes  of  the  breakers.  A  simOv 
erosion  near  high  tide  level  of  the  great  coral  masses  standing  on  the  ooral*roGk 
platform  of  atolls  I  also  observed  while  among  the  Paumotu  Islands.  Pret  L 
E.  Verrill  informs  me  that  he  has  seen  examples  of  the  same  action  on  a  grand 
scale  about  the  island  of  Anticosti  in  the  Gulf  of  St.  Lawrence.  The  obeervatiODi 
do  not  appear  to  me  to  be  at  variance  with  the  principles  laid  down  in  Mr.  Hnnt't 
valuable  paper ;  they  require  only  his  recognition  of  a  tidal  effect  which  be  doea 
not  fully  consider,  and  which  British  seas  cannot  illustrate. 

To  produce  a  platform,  (1)  the  rock-material  exposed  to  the  flow  of  the  tide  and 
the  breakers  must  be  firm  enough  to  resist  wear  during  the  early  part  of  tiie  flow, 
and  at  the  same  time  soft  enough  to  allow  the  striking  breakers  to  cut  into  the 
base  of  the  bluff,  or  shear  off  the  projecting  ledge ;  and  (2)  ihe  region  must  not 
be  one  of  very  high  tides  or  stormy  seas,  for,  in  such  regions  of  forceful  mm 
and  tides,  the  movements  are  too  often  of  the  destructive  kind  through  the  wittlft 
continuance  of  the  fiow,  leaving  no  chance  for  the  protection  a  platform  needi. 
Loose  sand-deposits  are  too  soft;  they  are  worn  off  below  the  sea-level  and 
changed  in  surface  by  storms ;  but  some  firmer  kinds  may  make  a  low-tide  flat  m 
a  bay  where  the  tides  are  small.  Coral-reef  rock,  the  material  of  the  atoll  ^ 
foim,  has  the  hardness  and  solubility,  in  carbonated  sea-water,  of  ordinary  ^mb- 
stone.  The  rock  of  the  Port  Jackson  Heads  is  a  friable  sandstone.  At  the  Bij 
of  Islands.  New  Zealand,  the  platforms  occur  in  an  argillaceous  rock,  whkdi  b^ 
comes  soft  and  earthy  above  by  weathering,  but  is  unaltered  and  firm  betov 
because  kept  wot  (loc.  cit.  p.  442).  At  the  Paumotus  the  tides  are  two  to  thna 
feet  high,  and  the  platform  usually  100  yards  or  more  wide;  at  the  Phoeoix 
Group  the  tides  are  five  to  six  feet  high  ai/d  the  platform  mostly  fifty  to  seveo^ 
yards  wide ;  at  the  Port  Jackson  Heads,  the  ordinary  tides  are  six  feet  high  aiii 
the  platform  fifty  to  one  hundred  and  fifty  yards  wide;  at  the  Bay  of  IsIaDdalia 
the  sheltered  waters  of  the  bay),  the  tides  are  eight  feet  high  and  the  platfono  is 
under  thirty  yards  wide.  I 
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ver  the  same  wide  region ;  but,  with  a  tide  of  but  two  or  three 
>«t,  there  is  but  little  fall  before  the  reef — which  lies  at  low 
ido  level  and  a  little  above  it — retards  it  by  friction  ;  and 
has  escape  by  the  open  entrances  is  increased  in  amount  and 
n  rate  of  flow.  The  facts  are  the  same  in  atolls  where  the 
lagoons  have  entrances.^ 

c.  Examples  of  massive  corals  having  the  top  flat,  or  de- 
pressed ana  lifeless,  while  the  sides  are  living,  are  common  in 
ooral-reef  regions,  wherever  such  corals  are  exposed  to  the 
deposition  ot  sediment,  and  where  they  have  grown  up  to  the 
Borface  so  that  the  top  is  bare  above  low  tide.  A  disk  of 
Pontes,  having  the  top  flat  and  the  sides  raised   (owing  to 

frowtb)  so  as  to  give  it  an  elevated  border,  is  figured  on  plate 
Y.  of  my  Report  on  Zoophytes.  Many  such  were  found  in  the 
impure  waters  of  a  shore  reef  at  the  Feejees.  At  Tongatabu 
one  flat-topped  mass  of  Pontes  was  twenty-flve  feet  in  diam- 
eter;  and  both  there  and  in  the  Feejees,  others  of  Astraeids  and 
Meandrinas  measured  twelve  to  fifteen  feet  in  diameter. 

Over  the  dead  surfaces,  as  Mr.  Semper  observes,  the  coral 
may  be  eroded  by  the  solvent  action  of  the  waters,  and  espe- 
©ally  where  depressions  occur  to  receive  any  deposits,  and 
boring  animals  may  riddle  the  coral  with  holes  or  tubes.  But 
generally  the  erosion  is  superficial;  the  lar^e  masses  referred 

♦  The  currents  of  the  tropical  Pacific  Ocean  are  of  very  unequal  rate  in  its  dif- 
iKCOt  parts,  and  very  feeble  in  the  Paumotu  Archipelafro  and  the  Tahitian  and  Sa- 
■OiD  regions.  Capt  Wilkes  reports  that  in  the  cruise  of  the  Expedition  through 
ttePaomotu  Archipelago  to  Tahiti,  a  distance  of  a  thousand  miles,  during  a  month 
from  August  13  to  September  13,  1839,  the  drift  of  the  vessels  was  only  17  miles; 
nd  that  during  fourteen  days  in  the  first  halt'  of  October,  between  Tahiti  and 
Upola  of  the  Samoan  group,  nearly  1 800  tniles,  the  drift  was  only  43  miles. 

The  Challenger,  on  her  route  from  the   Hawaian  Islands  to  Tahiti,   found. 

between  the  parallel  of  10"  S.  and  Tahiti,  "the  general  tendency  of  the  current 

lesterlj,  but  its  velocity  variable;"  between  the  parallel  of  10'  S.  and  6°  N., 

the  direction  was  westerly  with  "  the  average  velocity  35  miles  per  day,  the  range 

17  to  70  miles  per  day,"  the  maximum  occurring  along  the  parallel  of  2°  N. 

Farther  west  about  the  Phoenix  srroup,  the  equatorial  current,  as  described  by  Mr. 

Hague (loa  cit,  p.  237),  has  "a  general  direction  of  west-southwest  and  a  velocity 

lometiiDes  exceeding  two  miles  per  hour.''     At  times  it  changes  suddenly  and 

flows  as  rapidly  to  the  eastward.     The  drifting  of  the  sands  about  Baker's  Island 

(in  latitude  0*>  13'  N.,  longitude  176'  22'  E.)  has  much  interest  in  connection  with 

this  subject  of  current  action,  and  the  facts  are  here  cited  from  Mr.  Hague's 

paper.    The  west  aide  of  the  little  island  (1  x  f-  m.  in  area)  trends  northeast,  and 

the  soothem  east-by-north,  and  at  the  i unction  a  spit  of  sand  extends  out.    During 

the  summer  the  ocean  swell,  like  the  wind,  comes  from  the  southeast,  and  strikes 

the  south  side ;  and  consequently  the  beach  sands  of  that  side  are  drifted  around 

the  point  and  heaped  up  on  the  western  or  leeward  side,  forming  a  plateau  along 

tite  beach  two  or  three  hundred  feet  wide,  and  eight  or  ten  feet  deep  over  the 

shore  platform.     With  October  and  November  comes  the  winter  swell  from  the 

northeast,  which  sweeps  along  the  western  shore;  and  in  two  or  three  months 

the  sands  of  the  plateau  are  all  drifted  back  to  the  south  side,  which  is  then  the 

protected  side,  extending  the  beach  of  that  side  two  or  three  hundred  feet.     This 

lasts  until  February  or  March  when  the  operation  is  repeated. 
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to  showed  little  of  it.  Sach  dead  surfaces  in  corals  are  gener* 
ally  protected  by  a  covering  of  nullipores  and  other  incrustiDg 
forms  of  life,  and  the  crusts  usually  spread  over  the  surfaces 
pari  passu  with  the  dying  of  the  polyps. 

d.  Every  stream,  says  Mr.  Semper  (when  explaining,  as  cited 
on  a  preceding  page,  the  origin  of  the  deep  channel  of  the  lai^ 
Pelew  island,,  whose  depth  is   '*85  to  45  fathoms'*),  "hast 
natural  tendency  to  deepen  its  bed."     But  there  is  a  limit  to 
this  action.      The  eroding  or  deepening  power  pf  a  stream 
through  abrasion  and  transportation  is  null  or  nearly  so  below 
the  level  of  its  outlet.     A  basin  or  channel  45  fathoms  (270 
feet)  deep  with  an  outlet  of  much    less  depth  could  not  be 
deepened   by  such   means  or  protect  itself  from   shallowing,  i 
The  depth  of  the  outlets  is  not  stated  except  that  they  are  said  -■ 
to  be  ship  channels.     Moreover,  with  a  tufa  bottom,  solution   \ 
could  not  contribute  to  the  removal,  since  carbonated  watei^    : 
although  decomposing  the  tufa,  dissolve  very  little  of  its  ingre- 
dients.    An  elevation  in  progress* would  result  in  making  of 
the  channel  a  closed  lake  and  finally  dry  land. 

For  the  same  reason,  the  small  atoll,  Kriangle,  having,  as 
described,  a  closed  lagoon,  could  have  no  deepening  of  the 
lagoon  from  abrasion  by  tidal  currents  or  wave-action  during 
the  progress  of  an  elevation.  And  if  a  lagoon  have  an  outlet, 
the  rapid  current  of  the  ebb  would  be  confined  to  the  narrow    : 

f)a8sage-way  and  a  portion  of  the  bottom  near  it;  through  the  ; 
arger  part  of  the  lagoon,  as  in  any  other  lake,  the  waters  woold  j 
have  scarcely  perceptible  motion,  and  therefore  slight  energy 
for  any  kind  of  work.  Hence  a  lagoon  would  lose  very  little 
by  this  means,  and  shallowing*woula  go  on  unless  there  were 
great  loss  through  the  solvent  action  of  the  waters.  An  eleva- 
tion would  only  hurry  the  shallowing  and  end  in  emptying  the 
lagoon. 

e.  Erosion  through  solvent  action  is  promoted  b}'  the  pres* 
ence  in  the  waters  both  of  carbonic  acid  and  organic  acida 
The  material  within  reach  of  the  tides  or  waves  exposed  to  thii  i 
action  is  dead  corals  and  shells,  or  their  debris,  and  bare  coral 
rocks,  occurring  over:  (1)  the  outer  region  of  living  corals  and 
for  a  mile  or  so  outside ;  (2)  the  shore  platform  and  the  reef,  bare 
at  low  tide,  on  which  there  is  comparatively  little  living  coral; 
and  (3)  the  lagoon  basin.  There  is  nothing  in  the  material  withio 
the  lagoon  to  favor  solution  more  than  in  either  of  the  other  two 
regions;  in  fact,  the  platform  and  bare  reef  are  most  exposed  to 
the  action  because  of  the  small  amount  of  living  corals  over 
them.  The  outside  waters  take  up  what  they  can  through  the 
carbonic  acid  they  contain,  and  supply  thereby  the  wants  of 
the  Jime-secreting  polyps,  shells,  etc,  and  carry  on  the  process 
of  soi j'dification  in  the  debr\a\  \,\v^  ^^joi^'v^Xftt^TcvON^  wiw^ 
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ttoll  reef  and  take  up  more  lime  as  fiEir  as  the  aoid  ingredi* 
is  preseDt;  and  then  they  pass  to  the  lagoon  for  work 
lar  to  that  oatside,  with  probably  a  diminished  amount  of 
carbonic  acid,  on  acooant  of  the  loss  over  the  reef-groond 
ionsly  traversed. 
be  lagoon-basin  is  not,  therefore,  the  part  of  the  atoll 

loses  most  by  solution,  any  more  than  by  abrasion  and 
sportation.  The  outer  reefs  suffer  the  most ;  and  yet,  if 
island  is  not  subsiding  at  too  rapid  a  rate,  they  keep  ex- 
ing  and  encroaching  on  the  ocean,  instead  of  wasting 
ugn  the  drifting  into  the  ocean  at  large  of  calcium  carbonate 
jains  and  solution ;  and  the  shore-platform  also  preserves 
invaried  level  notwithstanding  the  daily  sweep  of  the  tidal 
Is,  and  the  boles  that  riddle  its  outer  portion, 
he  remark :  "It  is  a  common  observation  in  atolls  that  the 
B  on  the  reefs  are  situated  close  to  the  lagoon  shore;" 
I  "facts  point  out  the  removal  of  matter  which  is  going  on 
be  lagoons  and  lagoon  diannels,"*  I  know  nothing  to  sus- 
The  width  of  the  shore-platform  on  the  seaward  side  is 
kys  greater  than  that  on  the  lagoon  side ;  but  the  outside 
e-platform  has  its  width  determined  by  tidal  and  wave 
>n,  and  this  action  is  powerful  on  the  ocean  side,  and  feeble 
he  lagoon  side;  it  produces  a  high  coarse  beach  on  the  out- 
as  the  inner  limit  of  the  platform,  and  a  finer,  lower  and 
h  more  gently  sloping  beach  on  the  inside.  The  amount 
rosion  is  far  greater,  as  it  should  be,  on  the  side  of  the 
erf  ul  agencies. 
The  loss  to  the  lagoon  by  abrasion  and  solution  is  reduced 

minimum,   in   the   majority   of  atolk,   by   the    absence  of 
n  entrances,  which  leaves  them  with  only  concealed  leak* 
passages  for  slow  discharge. 

ine-tenths  of  atolls  under  six  miles  in  length  (or  in  longer 
leter),  half  of  those  between  six  and  twenty  miles,  and  the 
»rity  of  all  atolls  in  the  Pacific  ocean,  have  no  entrances  to 
agoon  a  fathom  deep  ;  and  the  larger  part  of  those  included 
ich  of  these  groups  have  no  open  entrances  at  all. 
>r  evidence  on  this  subject,  I  refer  to  the  Wilkes  Expedi* 

Hydrographic  Atlas.  This  atlas  contains  maps  of  nearly 
J  coral  islands  from  the  surveys  of  its  officers,  drawn  on  a 
5  scale  (one  or  two  miles,  rarely  four,  to  the  inch). 
It  of  the  number,  nine,  ranging  from  1^  to  8  English  miles 
le  longer  diameter  of  the  reef,  have  no  lagoon,  but  only  a 
1  depression  in  its  place;   two  of  these  take  in  water  at 

tide,  and  the  rest  are  dry. 

'  those  under  six  miles  in  length  having  lagoons,  seventeen  in 
ber,  sixteen  are  represented  as  having  no  entrances  (o  tfie 

*Mr,  Mumjr,  loo.  dt,  p.  615. 
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lagoon  at  low  tide ;  and  the  one  having  an  entrance  is 
miles  in  size.     The  smallest  is  about  a  mile  in  diameter. 

Of  those  that  are  9ix  miles  or  over  in  length,  twenty-n 
number,  seventeen  have  channels  and  twelve  have 
Those  having  channels  are  mostly  over  ten  miles  in  lengtl 
list  of  them  is  here  given  with  their  sizes,  and  also  the  p 
tion  of  the  reef  around  the  lagoon  which  is  under  water 
third  tide,  and  bare  at  low  tide,  a  feature  of  much  interest  i 
connection. 

Ellicb  Group. — ^Depeyster's :  6X6  m.;  three-fourths  < 
encircling  reef  bare.     EUice's:  9X5  m.;  three-fourths  bare. 

Gilbert  Group. — Apia:  17x7  m. ;  half  bare.  Ta; 
21X9  m. ;  half  bare.  Taritari:  18X11  m. ;  two-thirds 
Apamama:  12X5  m. ;  half  bare.  Taputeuea;  west  side  i 
suomerged. 

Marshall  Islands  (northern). — Pescadores:  10X8  m.; 
fifths  bare.     Korsakoff:  26m. ;  four-fifths  bare. 

Paumotus. — Peacock :  1 5  X  7  m. ;  nearly  all  wooded.,  M 
13X5  m.;  nearly  all  wooded.  Raraka:  6X9  m.;  three-f 
wooded.  Vincennes :  13X9  m. ;  mostly  wooded.  Ar 
18X11  na. ;  three-fifths  bare.  Tiokea:  18X4  m. ;  two- 
wooded.  Kruesenstern's :  16X10  m.;  mostly  wooded.  J 
(or  Nairsa) :  63  X  18  m. ;  half  or  more  bare. 

g.  The  absence  of  open  channels  in  so  large  a  proport 
lagoons,  and  especially  in  lagoons  of  the  smaller  atolls,  a] 
to  be  fatal  to  the  abrasion-solution  theory.  The  meth 
enlarging  atolls  through  currents  and  solution  can  act 
feebly  if  at  all  where  waters  have  no  free  outlet;  and 
eminently  so  with  the  smaller  atolls  which  have  been  asj 
by  the  theory  to  be  most  favorable  in  purity  of  water  i 
aoundant  life  for  progress;  if  the  small  cannot  grow,  the 
lagoons  cannot  be  made  from  them  by  the  proposed  met! 

Reverse  the  method,  letting  the  large  precede  the  am 
under  the  subsidence  theory),  and  then  we  have  a  con 
order  of  events.  We  have  large  atoll  reefs  with  severa 
entrances  (like  the  great  barrier  reef  about  a  high  island 
and  other  respects)  gradually  contracting,  and  the  ent 
concurrently  narrowing  through  the  growing  corals  ar 
consolidating  debris,  in  spite  of  the  efforts  of  abrasion  an( 
tion  10  keep  them  open  and  make  them  deeper;  and, 
wards,  the  atoll  becoming  still  smaller  until  the  entrances 
up;  and  finally  the  lagoon-basin  is  reduced  to  a  dry  depi 
with  nothing  of  the  old  sea-water  remaining  except,  pc 
some  of  its  gypsum. 

A.  Instead  of  small  lagoons  having  the  purest  waters, 
verse  is   most  decidedly   and   manifestly   the  fact,  am 
accords  with  the  reversal  in  the  history  just  suggested. 
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itoHs  of  middle  and  larger  size  commonly  have  one  third  to 
two-thirds  of  the  encircling  reef  covered  with  the  sea  at  one- 
Ihird  tide,  making  the  ocean  and .  lagoon  for  more  than  half 
the  time  continaoas,  the  large  lagoon  in  such  a  case  has  as 

Cre  w:iter  as  the  ocean,  and  comiQonly  as  good  a  supply  of 
id-Iife,  and  sometimes  as  brilliant  a  display  of  living  cor- 
als. Bat  in  the  smaller  atolls,  the  area  of  the  lagoon  has  little 
«ztent  compared  with  the  length  and  area  of  the  encircling  reef; 
'Oond  sands  and  other  calcareous  material  consequently  have  pos- 
iOBBion  of  the  larger  part  of  the  bottom,  and  the  waters,  since 
tliqr  are  less  pure  than  those  outside,  contain  fewer  and  hardier 
kinds  of  corals  and  less  life  of  other  kinds.  They  are  exposed, 
abo,  to  wider  variations  of  temperature  than  the  outer,  with  in- 
jory  to  m^iny  species,  and  at  lowest  tides  may  become  destruc- 
tively overheated  by  the  midday  sun,  as  many  a  plantation  of 
eofals  with  dead  tops  for  a  foot  or  more  bears  evidence.  In 
the  smallest  atolls,  the  lagoons  are  liable  also  to  alternations  of 
«xce8Bive  saltness  from  evaporation  and  excessive  freshness 
from  rains,  and  consequently  no  corals  can  ^row  inside,  though 
itill  flourishing  well  in  the  shallow  sea  about  the  outer  reef. 
The  above  are  the  facts,  not  the  suggestions  of  theory. 

i  We  read:  '*So  great  is  the  destructive  and  transporting 
ioflaencQ  of  the  sea  under  the  combined  or  antagonistic  work- 
ing of  tides,  currents  and  wind-waves  that  the  whole  mass  of 
the  reef,  as  well  as  the  flats  and  shoals  inside,  may  be  said  to  be 
in  more  or  less  active  movement."^  This  description  of  the 
Tbrtagas  reefii  is  not  applicable  to  the  atolls  of  the  Pacific. 
Notwithstanding  the  testimony  of  Captain  Beechey  and  others 
about  occasional  catastrophes — which  are  mostly  catastrophes 
to  the  islets  and  banks  within  the  lagoons — I  was  led  to  look 

ra  coral  island  as  one  of  the  most  stable  of  structures. 
waves  and  currents  have  shaped  its  reef,  shore  platform, 
1  lod  beaches,  fitting  it  well  in  all  respects  for  its  place  bv  means 
of  the  forces  that  were  to  assail  it ;  and  an  air  of  placid  repose, 
IB  it  lies  amid  the  breakers,   is  its  most  impressive  feature. 
Through  the  wind-made  and  tidal  movements,  the  loose  sands 
are  drifted  along  the  shores  and  over  the  reef ;  edges  of  the 
reef  are  broken  off  in  gales  or  by  earthquake  waves ;  and  occa- 
sionally a  mushroom  islet  in  the  lagoon,  where  growing  corab 
are  not  compacted  by  wave-action,  is  overthrown  by  the  same 
means;  but  beyond  this  the  structure  is  singularly  defiant  of 
the  encroaching  watera     Earthquakes  may  bring  devastation  ; 
and  so  they  may  toother  lands. 

♦  Address,  p.  23. 
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T.  CotidustofK 

With  the  theory  of  abrasion  and  solution  inoompetent,  all 
the  hypotheses  of  objectors  to  Darwin's  theory  are  ahke  weak; 
for  all  have  made  these  processes  their  chief  reliance,  whether 
appealing  to  a  calcareous,  or  volcanic,  or  mountain-peak  baaa* 
ment  for  the  structure.  The  subsidence  which  the  jDarwiniaa 
theory  requires  has  not  been  opposed  by  the  mention  of  any 
fisict  at  variance  with  it,  nor  oy  setting  aside  Darwin's  arga* 
ments  in  its  favor;  and  it  has  found  new  support  in  the  facta 
from  the  Challenger's  soundings  off  Tahiti  that  bad  been  pat 
in  array  against  it,  and  strong  corroboration  in  the  facts  from 
the  West  Indies. 

Darwin's  theory  therefore  remains  as  the  theory  that  accoanta 
for  the  origin  of  coral  reefs  and  islands. 

VI.   Central-Pacific  Subsidence. 

Darwin,  as  has  been  said,  took  a  step  beyond  direct  obaerva» 
tion  in  his  inference  that  the  subsidence  attested  to  by  each 
atoll  extended  over  the  intermediate  seas  and  characterized  a 
large  central  area  of  the  ocean.  He  may  be  wrong  here  (and 
the  writer  with  him)  while  not  wrong  in  his  theory.  But,  con- 
sidering the  distribution  of  the  Pacific  atolls  in  the  ocean,  their 
relation  in  this  respect  to  the  distribution  of  other  Pacific  lan(k 
and  the  facts  connected  with  the  history  of  coral  reefs  and 
islands,  the  generalization  appears  to  be  well  sustained.  The 
question  is  here  left  without  further  argument,  to  be  considered 
over  the  best  geographical  map  of  the  ocean  to  be  had,  and  the 
best  bathymetrical  rpQp  that  can  be  made,  only  asking  that  the 
doubts  which  physical  theory  has  set  afloat  may  not  be  at 
lowed  by  the  geologist  to  warp  the  judgment  or  cripple  inves- 
tigation.* 

My  own  agreement  with  Darwin  as  to  the  area  of  Coral-reef 
subsidence  was  promoted  by  an  early  personal  study  of  the 
oceanic  lands.  For  more  than  five  years  previous  to  passing 
my  third  decade  I  was  ranging  over  the  oceans — receiving  im« 

*  One  point  often  encoiintoring  an  a  priori  doubt  is  the  sIowneBS  of  the  required 
subsidence.  The  subsidence  over  the  Appalachian  region  which  preceded  tl» 
making  of  the  Appalachian  mountains  amounted,  according  to  well  ascertained  facto 
(as  stated  by  Hall  and  Lesley),  to  at  least  30,000  feet.  The  great  trough,  nearly* 
thousand  miles  long,  was  in  progress  through  all  of  Paleozoic  time.  If  the  Paleo- 
zoic ages  covered  only  20,000,000  years  (a  low  estimate)  the  mean  annual  rate  wu 
0*018  inch,  which  is  less  than  half  a  millimeter  per  year.  Such  a  fact  is  no  evi- 
dence as  to  the  rate  of  the  atoll-making  subsidence ;  but,  whatever  the  cause  to 
which  the  Appalachian  subsidenco  \a  lo\ic  «^v\,i\\i\i\fed,  \t  v&  ^u^^atiTe  as  to  poaa* 
bilitiea  and  probabilities  connecled  'wVxkt^i^  ^wx^tsi^  vaa^«a!kftTiV%. 
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reasions  from  a  survey  of  the  earth's  features.  I  was  made  to 
ie  a  system  of  arrangement  in  the  Pacific  islands,  instead  of  a 
labyrinth ;''  to  appreciate  the  vast  length  of  the  island  chains 
a  the  great  ocean  with  their  many  parallelisms,  and  the  accord- 
At  relations  subsisting  between  them  and  long  lines  of  atolls. 
[  was  thence  led  to  observe  the  corresponding  system  in  the 
ioatares  of  the  continental  lands,  and  the  more  fully  so  when 
ifterwards  it  was  proved  that  geology  was  not  in  America 
merely  the  study  of  strata  and  lossils,  but  of  the  successive 
Mtges  in  a  growing  continent.  Thus  a  conception  of  the  earth 
It  %  unit  b^me  early  implanted,  and  the  idea  also  of  its  devel- 
opment as  a  unit  under  movements  as  comprehensive  as  the 
svstem  in  its  feature-lines.  My  faith  in  any  mountain-making 
theory  hitherto  proposed  is  weak.  But  that  idea  of  system  in 
structure  and  progress  stands,  and,  however  much  ignored  by 
Btodents  of  the  earth's  stratigraphv,  it  must  have  its  explana* 
tioQ  in  a  true  theory  of  the  earth's  dynamics. 


Abt.  XXV. —  On  a  quartz-twin  from  Albermarle  County^  Vir* 

gima;  by  W.  G.  Brown. 

Ix  1S51  G.  Rose*  described  a  group  of  quartz  crystals  from 
Beichen^tein  in  Silesia,  and  announced  that  he  had  observed 
imong  them  a  new  twinning  law  which  he  states  as  follows  : 

**  Die  Zwillingsebene  ist  namlich,  eine  Hauptrhombo^derflache  ; 
lie  Krystalle  sind  aber  uicht  mit  dieser,  sondern  mit  einer  darauf 
eokrechten  Flftche  verbuiiden,  und  die  Krystall^ruppe  besteht 
ach  nicht  aus  zwei,  sondern  aus  vier  Individueu,  indem  an  einen 
littleren  Krystall  drei  Individuen  so  angewachseu  sind,  dass  eine 
lauptrhomboederflache  von  jedem  der  letzteren  mit  einer  der 
rei  Hauptrhombo^dei-flachen  des  mittleren  Krystalls  in  gleicher 
Jbene  liegt." 

In  a  note  to  this  paper  he  mentions  a  specimen  from  the 
ame  place  in  the  possession  of  Weiss,  of  which  the  transparent 
[oartz  crystals  possessed  a  slight  amethystine  color;  a  color 
rhich  seems  to  be  common  with  the  other  occurrences  to  be 
aentioned.  J.  D.  Danaf  calls  this  group  of  Rose  "  a  three-rayed 
win,  consisting  of  a  central  crystal  twinned  to  three  others  by 
ach  R  of  one  extremity,"  and  gives  the  figures  (figs.  198  A. 
I.)  copied  from  Rose's  paper. 

Eck:J:  took  however  a  different  view  of  the  nature  of  this 
roup  and  showed  that  it  was  not  a  twin  according  to  the  law 

•Poggen.  Annalen,  vol.  Ixxxiii,  p.  461,  1851. 

f  A  system  of  Mineralogy,  5th  FM.,  p.  161,  1869. 

^Zeitschr.  d.  deutsch.  geol.  GeseiJschaft,  vol.  xviii,  p.  4*1S,  l^^*^. 
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composition  face  K.  Indeed  he  supposes  that  it  was  fore 
by  the  growth  of  quartz  crystals  upon  the  —  ^R  faces  of  ( 
cite  in  a  certain  definite  manner  which  he  explains. 

A  little  later  Jenzsch*  in  a  paper  on  the  twinning  laws 
quartz,  under  the  second  law,  which  he  calls  the  **  Reich 
steiner"  or  G.  Rose's,  seems  to  admit  the  explanation  of  Eck 
applied  to  the  whole  group  described  by  Rose,  but  says  t 
for  each  two  crystals  in  twinned  positions  G.  Rose's  law  ho 
good,  and  gives  an  ideal  figure  representing  two  crystals  tw 
ned  according  to  the  law,  twinning  plane  R.  This  figure  (1 
B)  is  in  Dana.f  Jenzsch  seems  to  consider  the  statement 
Naumann:}:  that  the  twinning  plane  in  these  crystals  instead 
R  may  be  —  ^R  "  R  (oder  aucn  —  fR)"  as  a  quibble  or  atteir 
at  a  complete  bibliogrnphy  which  it  was  hardly  worth  noticir 

That  the  view  of  Eck  was  the  correct  one  is  strensjthened 
the  paper  of  vom  Rath  and  Frenzel§  and  that  of  E.  S.  Dan 
in  both  of  which  regular  growths  of  quartz  on  calcite  i 
described  which,  while  not  exactly  agreeing  with  the  grou 
described  by  Rose,  seem  to  leave  no  doubt  but  that  groups 
quartz,  "  pseudo-twins,"  are  formed  by  regular  growth  upon  t 
rhombohedron  — ^R  of  calcite.  In  the  paper  of  vom  Ra 
and  Frenzel  it  is  said  that  the  faint  reddish  color  of  the  Rei( 
enstein  quartz  which  reminds  one  of  pale  amethyst  is  due 
disseminated  particles  of  hematite.  They  further  redescri 
the  group  of  (j.  Rose  and  give  an  exact  drawing  of  the  cr 
tals  (naturtreue  Zeichnung). 

Hare^  says  the  form  described  by  Rose  is  not  excessive 
rare  at  Reichenstein    and  mentions,  as  do  both  vom  Rath  ai 
Frenzel  and  E.  S.  Dana,  that  Breithaupt  first  noticed  the  reg 
lar  growth  of  quartz  on  calcite  and   gives   full  references 
Breithaupt*s  papers. 

Since  Jenzsch**  says  "Obgleich  nun  das  G.  Rose'sche  Gesc 
mit  Evidenz  bis  jetzt  nur  von  Reichenstein  in  Schlesien  \ 
kannt  ist,"  :ind  in  the  last  edition  (11th)  of  Naumann-Zirt 
the  view  of  Eck  with  regard  to  this  kind  of  twinning  is  acce 
ted,  it  af)pears  jusiifiuble  to  describe  a  group  of  amethysti 
quartz  crystals  found  near  Mechums  River,  Albemarle  Couni 
Virginia,  in  which  there  is  twinning  according  to  the  la 
Twinning  plane  and  composition  face  — fR 

The  group,  which  is  transparent  and  of  decidedly  amethj 
tine  color  is  represented  in  nearly  actual  size  by  the  accoi 
panying   figure.     The  sub-individuals  marked  a  and  c  in  p 

*  Poggen.  Annalen,  vol.  cxxx,  p.  600,  1867.  \  Locs.  cit. 

1  Elemente  der  Mioeralogie,  6.  Kd.,  p.  190,  1864. 
§  Poggen.  Annalen,  vol.  xvii.  p.  155.  1875. 

I  American  Jour,  of  Science,  III,  vol.  xii,  448,  1876,  and  25eit8chr.  t\a  Kiysta 
vol  i.  p.  39,  1877. 
f  Zeitachr.  tiir  KrystaU.,  vol.  iv,  p.  ^U,  \%^Vi.  ^\#5^  ^v 
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d  jaxtapoffition  have  the  face  opposite  a,  over  the  apex  of 
e  orysbu,  in  common,  along  with  a  third  Hub-individual 

part  shown  in  the  Sgnre  on  the  lower  left  hand  Bide  of  a. 
beae  three  snb-individaals  have  also  th«  ooR  plane  parallel  to 
at  Qoder  a,  seen  in  the  figure  in  common.  The  Becond  individ- 
llftis  also  composed  of  three  sub-individualB  in  jaztapoaition 
tth  the  piincipal  axes  parallel.  Using  a  to  indicate  one 
idividoal  and  o  the  other,  it  is  seen  that  a 
od  h  are  in  a  twinned  position.  The  faces 
•  of  both  individaals  which  are  perpendicu- 
ir  to  the  plane  of  the  paper  give  a  single 
gflection  and  the  faces  of  the  auo-individuala 

audi  lie  nearly  in  the  same  plane,  not  ^lar- 
llol  planes  which  is  the  general  case  and 
rbiob  is  represented  by  the  faced  B  of  c 
od  I.  The  faces  R  which  lie  Df-arly  in  one  plane,  indeed  all 
be  well  developed  faces  in  the  group,  are  slightly  oarred  and 
triated  so  that  a  sharp  refiection  cannot  be  obtained  for  the 
nrpose  of  exact  measurement.  Such  being  the  case  the  fol- 
oving  details  are  given. 

The  faces  B  are  not  absolutely  in  one  plane,  careful  examiaa- 
k>D  showing  that  the  faces  are  inclined  at  an  angle  a  little  less 
has  180^  Further,  when  one  (ace  is  horizontal  the  other  ia 
•ery  slightly  twisted  around  an  axis  joining  the  apices  of  the 
vocrystals.  Moreover  the  faces  R  and  — B  of  i.he  two  lodivid- 
iils  are  not  emcf/y  in  a  zone,  or  what  ia  the  same  thing  the 
ilines  normal  to  R  containing  the  principal  axis  in  each  indi- 
idnal  would  form  a  very  small  angle  at  their  intersection.  So 
eiiiy  do  the  individuals  approach  the  theoretical  conditions 
hat  these  points  are  mentioned  to  avoid  giving  the  impression 
bat  ihe  group  possesses  ideal  symmetry. 

The  two  conditions  are  practically  fulfilled  : 

1  The  faces  R  parallel  to  the  same  plane. 

9.  Principal  axes  contained  in  a  plane  perpendicular  to  R. 

Under  these  conditions  the  angle  between  the  principal  axes 
ronld  be  103°  34'  (the  supplement  of  the  angle  between  R 
ud  ~-R  over  the  apex)  and  the  twinning  plane  perpendicular 
oR,  which  is -IB. 

Sopposing— ^R  to  be  the  twinnin,;  plane  and  calculating 
iwkwards  it  is  found  the  faces  R,  of  the  two  crystals,  would 
orm  an  angle  at  their  common  intersection  of  179°  31'  an 
ingle  a  little  less  than  180°  which  is  the  case  with  the  group 
)ere  described,  and  that  the  inclination  of  the  principal  axes 
)f  the  two  crystals  would  be  10i°. 

It  may  be  stated  that  the  lower  portion  of  the  group,  rep- 
resented in  the  figure  by  irregular  lines,  consists  mostly  of  planes 
'tring a  deBnite  orientation  to  the  dominant  ind'wVdua^a. 
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The  group  was  found  loose  in  the  soil  and  there  are  no  signs 
of  its  having  been  broken  off  another  pieoe  or  that  there  have 
been  any  crystals  attached  after  the  manner  of  those  in  tbe 
groups  from  Reichenstein. 

The  only  planes  that  can  be  definitely  reoo^niased  are  B^ 
--B,  ooB.  The  faces  B  and— B  possess  essentially  the  same 
luster,  so  that  there  is  no  physical  means  of  distinguishing  the 
one  or  the  other. 

The  foregoing  article  was  prepared  while  the  writer  held  one 
of  the  Morgan  Fellowships  in  Harvard  College,  and  this  oppo^ 
tnnity  is  tnKcn  to  exprt'ss  the  gratitude  he  feels  to  the  Director 
of  the  Boylston  Laboratory,  Professor  J.  P.  Cooke,  for  the 
unvarying  kindness  with  which  Professor  Cooke  gave  aid, 
counsel  and  encouragement. 

University  of  Virginia,  May  12th,  1886. 


Art.  XXVI. — Impact    Friction  and    Faulting ;    by  Geo.  F. 

Becker. 

(Continued  from  page  128.) 

The  first  portion  of  this  article  was  devoted  to  a  discnssioa 
of  the  distribution  of  energy  in  a  rod  of  finite  or  infinite  length, 
and  of  elastic  or  inelastic  material,  when  subjected  to  an  impact 
in  the  direction  of  its  axis.  It  was  also  pointed  out  thatsoch 
a  rod  might  be  divided  into  short  portions  supposed  to  remain 
in  contact  with  one  another  without  affecting  the  result.  It 
was  then  shown,  that  if  for  such  short  rods,  sheets  or  plates 
lying  one  upon  another  are  substituted,  each  plate  being  ood- 
strained  to  move  in  its  own  plane,  but  presenting  on  its  upper 
and  lower  surfaces  an  indefinite  number  of  extremely  small 
inequalities  or  teeth  interlocking  with  the  similar  inequalities 
of  the  adjacent  plates,  the  distribution  of  energy  through  the 
system  of  sheets  caused  by  the  impact  of  these  teeth  when  the 
uppermost  sheet  is  moved  is  the  same  as  in  a  rod  subjected  to 
impact  except  that  the  axis  of  distribution  is  vertical  to  the 
line  of  motion  instead  of  coincident  with  it.  A  surface  armed 
with  such  minute  inequalities  or  teeth,  is  the  conception  of  a 
frictional  surface  temporarily  adopted. 

Application  of  principles  of  impact  to  friction, — Considering 
friction  as  a  form  of  impact  under  particular  geometrical  con* 
ditions,  it  is  easy  to  make  applications  of  the  results  obtained 
for  impact  to  frictional  problems.  Were  the  material  of  sheets 
offering  frictional  resistance  perfectly  elastic  and  without  elastic 
limit,  the  movement  of  one  plate  over  another  would  in  gen- 
eral  be  impossible.    The  pTojeel\ov\a  on  \!tv^  V^q  ^wxi^M^^s^^owLi 
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ook  and  any  force  applied  would  deform  the  two  plates 
single  elastic  mass,  it  appears  indeed  not  beyond  the 
ds  of  possibility,  that  the  inequalities  of  a  sar&ce  might 
orfectly  elastic  but  of  such  a  form  as  to  yield  passage  to  a 

passing  over  them  by  bending  and  compression.  Such  a 
would  correspond  to  the  impact  of  perfectly  elastic  bodies 
hich  a  portion  of  the  energy  is  converted  into  vibrations ; 
her  words  to  a  case  in  which,  in  spite  of  perfect  elasticity, 
oefficient  of  restitution  is  not  unit^.    Such  cases,  if  they 

at  all,  mast  be  very  rare ;  for  it  is  a  matter  of  daily  ex* 
nee  that  highly  tempered  steel-cntting  instruments  are 
)ened  upon,  and  are  therefore  abraded  by,  friction  upon 
and  greasy  leather.      If  on  the  other  hand  the  material 

inelastic,  or  partially  elastic,  work  would  be  done  on  the 
ict  and  relative  motion  would  take  place.  This  relative 
;ment  would  be  greatest  for  total  inelasticity.  Partially 
c  sheets  would  not  separate  like  partially  elastic  balls, 
70uld  move  relatively  by  an  amount  corresponding  to  the 
:  done  in  members  of  a  system  of  partially  elastic  balls, 
material  remaining  the  same  and  the  coefficient  of  restitu* 
constant,  the  number  of  minute  projections  on  any  pair  of 
ict  surfaces  would  make  no  difference  in  the  work  done  at 
contact  though  it  would  determine  the  ultimate  relative 
ions  of  the  centers  of  inertia  of  two  sheets.  The  tiny 
ctions  of  material  surfaces  are  certainly  not  prisms  with 
eal  sides,  but  irregular  in  shape  and  larger  at  their  bases 

at  their  summits.  The  closer  surfaces  are  brought  to* 
\T  therefore,  the  more  such  projections  will  interlock  and 
;reater  will  be  the  expenditure  of  energy  requisite  to  grind 

off. 

rre8}xmding  interpretation  of  Marines  laws, — The  results  ob» 
d  by  Morin  from  his  own  and  Coulomb's  experiments  on 
on  are  expressed  in  rules  known  to  be  approximately  and 

approximately  true.  They  are  that  friction  is  proper* 
.1  to  the  area  of  the  rubbing  surfaces,  proportional  to  the 
lore,  and  independent  of  the  velocity.  The  first  relation 
ident,  the  second  states  that  the  interlocking  of  projections 
ases  with  the  pressure,  as  it  certainly  must,  and  further- 
;  that  this  interlocking  is  such  that  the  amount  of  work  to 
Dne  increases  in  simple,  direct  ratio  to  the  pressure  ;  this  is 
approximately  true.  The  third  relation,  that  the  amount 
ork  done  is  independent  of  the  velocity,  manifestly  im- 

the  assertion  that  the  coefficient  of  restitution  is  indepen- 
of  the  velocity,  or  that  it  is  constant  for  partially  elastic 
es  and  beyond  the  limit  of  elasticity  as  well  as  under  con- 
ns where  no  sensible  deformation  occurs.  It  was  of  course 
r  claimed  that  this  rale  was  exact  or  that  It.  was  ap^W^vOoX^ 
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except  for  moderate  differences  of  velocity.  A  great  advance 
towards  the  elucidation  of  the  true  relation  between  friction  and 
velocity  might  evidently  be  made  by  a  study  of  the  relation 
between  the  coeflScient  of  restitution  and  the  velocity  of  imper- 
fectly elastic  impinging  spheres  or  cylinders. 

Effect  of  extreme  velocities,  ^K  there  is  relative  translation  be- 
tween  rubbing   masses   there  must  always  be   more  or  less 
"  play/'  or  a  slight  possible  movement  normal  to  the  frictional 
contact,  so  that  the  centers  of  inertia  of  such  masses  cannot  be 
confined  to  motion  in  absolutely  straight  linea     This   is  of 
importance   in  the  extreme  cases  of  zero    velocity  and  very 
great  velocity.     The  coeflScient  of  friction  for  rest  appears  from 
experiments  to  be  merely  the  maximum  value  of  the  coefficient 
for  motion,  and  iis  excess  is  almost  beyond  a  doubt^due  in  part 
to  the  fact  that,  when  at.  rest  under  a  given  pressure,  the  pro* 
jections  of  the  opposing  surfaces  interlock  more  deeply  than 
they  can  under  the  same  pressure  when  in  motion.     In  the 
case  of  high  velocities  the  mean  distance  of  the  centers  of  in- 
ertia of  rubbing  masses  must  be  greater  than  for  low  velocities, 
owing  to  the  increase  of  the  elastic  rebound,  resolved  perpen- 
dicularly to  the  contact  plane,  when  the  more  or  less  irregular 
inequalities   impinge.*      These  will    therefore  interlock  to  a 
smaller  extent,  and  the  friction  will  diminish  from  thiscaose 
independently  of  any  variation  of  the  coefficient  of  restitution. 
This  coefficient  also  stands  in  some  not  precisely  known  inverse 
relation  to  the  velocity  so  that  friction  should  be  expected  to 
be  notably  less  for  very  high  velocities  than  for  moderate  ones 
as  experiments  have  shown  is  the  case. 

Results  for  a  system  of  sheets, — If  then  a  system  of  material 
sheets  is  arranged  say  in  a  vertical  pile,  there  being  perfect  contact 
throughout,  and  impulsive  energy  is  imparted  to  the  uppermost 
of  them,  this  energy  according  to  the  deductions  drawn  will  be 
distributed  throughout  the  system  exactly  as  in  a  series  of  par- 
tially elastic  spheres.  Assuming  that  the  coefficient  of  restitu- 
tion is  constant  and  not  unity,  every  sheet  which  receives 
energy  must  move  and  must  impart  kinetic  energy  to  the  next 
following.  The  distribution  of  energy  must  be  logarithmic 
(simply  or  compositely)  quite  irrespective  of  any  differences  of 
frictional  resistance  which  may  exist  at  different  contacta  On 
the  other  hand  if  the  friction  at  all  contacts  is  the  same,  the 
movements  of  the  sheets  will  be  logarithmic  and  if  the  friction 
varies  according  to  any  law,  this  combined  with  the  law  of  the 
expenditure  of  energy  will  give  the  locus.     Morin^s  law  that 

•  Imagine  for  example  a  mass  of  iDdia-rubber  dragged  over  a  street  pavem«it; 

the  elastic  mass  would  c«>DStaQtly  reboinid  from  the  irreg^uUr  pnviog  stones,  ttd 

the   more  rapid  the  translation  the  higher  would  be  the  mean  position  of  the 

center  of  loertia  of  ihe  rubber  mass.    M.v)TVii  ^\iovf%  \.Vv^\.the  re&lacaace  offered  by 

pavement  to  a  vehicle  provided  \s*\tVi  apnxv^s  \s  \e%&  X\i«LTiXo  «afe  -wiJ^wsX  «^\\ss^ 
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ietion  is  independent  of  velocity  not  being  rigidly  correct 
sweyer,  if  two  partially  elastic  sneets  are  in  contact  one  of 
lem  may  as  a  matter  of  fact  receive  an  impulse  so  slight  that 
le  elastic  resistance  of  the  interlocking  projections  will  not  be 
tercome.  An  elastic  strain  but  no  motion  on  the  contact 
ihne  will  be  the  consequence. 

Independent  kinetic  theory  of  system  of  sheets, — While  there 
iiot  seems  every  reason  to  suppose  that  friction  is  the  resist- 
loee  due  to  the  impact  of  the  minute  proiections  which  dis- 
Qsgnish  material  surfaces  from  mathematical  planes,  the  kinetic 
dieory  of  a  system  of  sheets  is  not  dependent  upon  it,  but 
mereiy  upon  the  existence  of  some  resistance  which  allows  of 
r^ive  motion  yet  converts  '*  molar"  energy  into  molecular 
iBeigy.  Whatever  may  be  the  nature  of  this  resistance  it  can- 
not conflict  with  the  principle  of  the  stability  of  the  center  of 
inertia  of  a  system  upon  wnich  no  external  forces  act  and  it  is 
a  necessary  conclusion  that,  if  no  obstacle  exists  to  intercept 
dw  transmission  of  energy,  the  motion  of  the  first  of  an  in- 
finite series  of  sheets  necessitates  the  motion  of  all.  If  these 
sheets  are  infinitely  thin  as  well  as  infinite  in  number,  the 
dimioution  of  the  energy  between  two  successive  surfaces,  or 
dt(?can  be  neither  more  or  less  than  wdx^  and  the  distribution 
of  energy  is  simply  logarithmic.  The  argument  may  be  ex- 
tended to  the  case  of  a  finite  system  of  sheets  exactly  as  the 
behavior  of  a  finite  rod  under  compression  was  inferred  from 
that  of  an  infinite  rod.     In  short 


da? 

Botif  the  results  derived  from  the  consideration  of  friction  as 
mere  resistance  of  unknown  character  coincide  mathematically 
with  those  deduced  from  considering  friction  as  a  form  of  im- 
pact, this  conclusion  is  certainly  strongly  confirmatory  of  the 
physical  hypothesis. 

Elastic  mass  under  shearing  strain. — Exactly  as  a  series  of 
melastic  cylinders  in  contact  (or  an  inelastic  rod)  and  a  similar 
series  of  elastic  cylinders  accurately  coincide  in  behavior  dur- 
ing the  period  which  elapses  between  the  first  contact  of  an 
impiDging  mass  and  the  moment  of  maximum  compression,  so 
also  does  the  behavior  of  a  series  of  sheets  in  contact  repre- 
sent the  behavior  of  a  solid  completely  elastic  mass.  In  other 
words  precisely  as  the  energy  actually  expended  in  the  deforma- 
tion of  inelastic  substances  during  an  impact  may  be  conceived 
as  potentialized,  so  also  may  the  energy  expended  in  friction 
be  treated  as  potentialized.  This  statement  which  is  almost 
self-evident  has  ample  authority.*     If  an  elastic  rod  of  uni- 

*Tbom80D  A  Tait,  Nat  PhiL,  lat  ed.,  §  452. 
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form  cross  section  with  its  axis  placed  parallel  to  X  were  arti* 
ficially  prevented  from  any  deformation  in  planes  parallel  to 
its  terminal  surfaces  and  one  of  these  surfaces  were  8traiQ6d 
by  a  suitable  stress  into  a  position  in  which  its  central  point  oo 
longer  coincided  with  the  axis,  the  same  differential  equation 
woujd  express  the  distribution  of  energy.     This  result  follows 
quite  independently  of  any  analogy,  but  the  steps  necessary  to 
snow  it  are  a  mere  repetition  of  those  given  in  detail  for  a 
compressive  strain.      Now    imagine  such  an  elastic  rod  thus 
strained  to  be  suddenly  intersected  by  any  number  of  planei 
parallel  to  its  ends.     If  these  surfaces  presented  no  frictiooal 
resistance  the  centers  of  inertia  of   the  intervening  sheets  of 
elastic  material  will  have  no  tendency  to  move  and  they  will 
remain  on  the  simple  or  composite  logarithmic  locus.     Or  sup- 
pose them  to  present  a  frictional  resistance  independent  of  the 
velocity.     At  the  instant  when  the  partings  are  formed  the  sys- 
tem is  in  equilibrium  and  the  center  of  inertia  of  each  sheet   J 
may  be  regarded  as  held  in  check  by  the  forces  exerted  upon 
it  by  its  two  neighbors.     Two  suppositions  may  then  be  made: 
the  frictional  resistance  may  be  conceived  either  as  thatpre* 
sented  by  inelastic  substances  or  as  that  presented  by  partially 
elastic  substances.     (If  the  interlocking  particles  were  wholly 
elastic  no  motion  would  take  place).     In  the  former  case  do 
energy  could   be  transmitted  from  one  sheet  to  the  next  and 
the  whole  energy  potentialized  between  the  planes  of  theceu' 
ters  of  inertia   of    two  adjoining  sheets  would   be  expended 
upon   the  contact  between  them  and  the  curve  of  the  centers 
would  coincide  with  that  found  when  the  surfaces  are  friction- 
less.     If  the  resistance  is  partially  elastic,  e  remaining  constant,    1 
a  certain  proportion  of  the  energy  potentialized  would  be  ex-   i 
pended  at  each  contact  and  the  locus  of  the  centers  of  inertia 
would  vary  from  the  preceding  only  in  the  value  of  the  con* 
stants. 

Coefficient  of  friction — If,  as  in  the  experiments  to  be  de- 
scribed presently,  a  rigid  mass  W  moves  over  a  system  of 
shet'ts  with  a  fixed  quantity  of  energy,  it  will  move  precisely 
as  far  as  if  the  upper  sheet  of  the  system  were  fixed  and  no 
energy  were  communicated  to  tiie  remainder  of  the  system.  If 
A  is  the  distance  which  W  moves  and  f  is  the  frictional  resist- 
ance  per  linear  unit,  the  energy  expended  in  friction  is  A/*. 
If  the  mass  of  W  is  M  and  its  initial  velocity  v  and  were  the 

My* 

system  of  sheets  totally  inelastic,  A/  would  equal  .     Were 

the  sheets  wholly  elastic  (or  more  exactly  wholly  restitutional), 

no  eneigy  would  be  expended  in  friction  and  there   would  be 

no  permanent  deformation.     (The  whole  energy  would  be  first 

converted   into   *' molar  ^  vWiraUow^,  ^xifti  \\i  %.\i^  ^^\.xiAk  <i»sA 
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ass  over  by  friction  against  the  atmosphere,  internal 
etc.,  into  molecular  energy).  If  the  system  is  partially 
>nal  it  is  clear  that 

is  the  coeflScient  of  restitution  for  velocity  and  (1— e*) 
icient  of  expended  energy.  If  k  is  the  coefficient  or 
and  the  normal  pressure  is  M^  (where  g  is  the  accelera- 
ravitation  if  the  pressure  in  the'  system  is  due  to  the 
i  the  mass  W,  or  a  corresponding  velocity  if  the  pres- 
therwise  induced), 

=1  *=t;-l-=^, 

he  coefficient  of  friction  may  be  reduced  to  two  deter- 
velocities  and  the  coefficient  of  restitution.  Here  how- 
extent  to  which  the  inequalities  of  the  frictional  surfaces 
is  supposed  constant,  or  the  elasticity  of  the  rubbing 
onsioered  as  represented  by  their  centers  of  inertia,  is 
n  into  account,  nor  shall  I  attempt  to  discuss  it 
quation  of  the  distribution  of  energy  in  an  infinite  sys- 
heets  will  then  be 

M«*     1-6*       _«./. 

2         c  ' 

the  sub  tangent.  If  the  coefficient  of  friction  is  pni- 
"oughout  the  system,  the  differences  of  the  movements 
Bsive  sheets  will  be  in  precisely  the  same  ratio  as  the 
:  movement  of  the  sheets,  so  that  if  y  is  the  distance 
)y  any  sheet  and  /i  the  ratio  of  the  movement  of  adjoin- 
ts, 

case  therefore 

c        y  2       Ac  ' 

3tional  resistance  being  uniform  its  actual  value  will 
e  zero  value  of  w^  while  fi  and  c  are  entirely  indepen- 
/  or,  if  the  subscript  indices  1  and  2  are  used  to  indi- 
cessive  sheets  in  any  portion  of  the  system, 

)pearing  both  in  the  numerator  and  denominator  does 
ct  //  8o  long  as  /  is  constant.     On  tbe  ol\vet\i^tv^\i 
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/increases  with  x  (as  it  really  does,  though  slowly)  /jl  and  c  i 
functions  of/  If /is  not  uniform,  the  strain  curve  will  be  t 
result  of  the  combination  of  the  logarithmic  distribution 
energy  with  the  varying  coefficient  of  friction  and  will  d 
therefore  in  general  be  simply  logarithmic.  But  were  the  rel 
tion  of  /"to  X  logarithmic,  so  that/=j/,  v  being  a  constant 

It  readily  follows  that  y^  is  to  y,  in  the  same  ratio  for  thiscas 
and  therefore  the  strain  equation  would  be 

Now  according  to  Bochet  the  locus  representing  the  relation  ( 
the  coefficient  of  friction  to  velocity  is  represented  approz 
mately  by  the  equilateral  hyperbola  referred  to  axes  parallel  I 
the  asymptote.* 

For  a  series  of  velocities  standing  to  one  another  in  a  constat 
ratio  and  for  a  uniform  total  pressure  at  all  contacts,  the  rati 
of  successive  values  of  the  coefficient  of  friction  will  therefoi 
be  nearly  constant,  or  in  other  words  v  will  vary  very  slowly  fc 
the  range  of  velocities  for  which  Bochet's  formula  fairly  repn 
sents  the  facts,  and  the  locus  of  the  edges  of  the  sheets  wi 
vary  but  little  from  a  simple  logarithmic  curve.  It  will  b 
shown  later  that  while  this  is  true  for  very  moderate  velocitiei 
it  is  possible  to  experiment  with  velocities  so  low  as  to  reves 
the  variation  of  v.  If/  varies  at  different  contacts,  of  course  th 
ratio  of  successive  values  of  w  is  not  the  same  as  the  ratio  c 
successive  values  of  y. 

Voefficieni  of  restitution — If  the  strain  is  proportional  to  th 
stress  in  a  system  of  uniform  sheets  the  strain  equation  may  b 
written 

where  //  is  the  ratio  of  the  movement  of  two  successive  sheeti 
The  quantity  c  is  therefore  the  length  of  the  subtangent  ej 
pressed  in  terms  of  the  thickness  of  a  sheet.  If  c  is  taken  s 
unity  (making  /i=€)  and  if  the  coefficient  of  restitution  is  zer 

dw 

dx 

*Aiin.  des  Mines,  1861.  If  A;o  is  the  statical  coefficient,  and  A;ao  thefili 
of  k  for  an  infinite  velocity  and  v  the  velocity  in  metres  per  second,  Bodiet 
formula  may  be  written 

1  4-  0  .  3v 

To  illustrate  the  statement  made  in  the  text,  let  k^  be  0'6  and  iboo  be  0*1.    If  ti 
value  of  k  is  computed  for  v=  iVi  i>  it  ii  li  2,  4,  8,  16,  32,  64,  and  each  of  tho 
values  ie  divided  by  the  next  fo\\owm^.  \.\ie  iVkX^o^  ox  ^«V\3Aa  oi  v  obtained  are 
the  same  order  1  01,  103,  100,  VO^,  V\n,  V1^,  VYV,  Via,  Via,  VW, 


r 
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this  last  case  is  compared  with  another  in  which  the  ooeffi- 
WDt  of  r.*8titutioa  is  not  zero,  w'  for  the  same  valae  of  w  will 
ridently  be  smaller  than  the  above ;  and,  by  a  similar  argument 
I  that  adopted  in  determining  the  total  expenditure  of  energy, 
I  follows  that 

9ere  then  the  subtangent  instead  of  being  unity  id 

_W 1_ 

iothat  c  is  a  function  of  e  which  can  become  unity  only  when 
r=0.  The  unit  of  measurement  in  this  equation  is  the  value 
rbich  the  subtangent  would  have  were  e=0  or  the  system 
vbolly  irrestitutional,  but  it  is  also  the  length  of  the  subtan- 
mX  in  terms  of  the  thickness  of  a  sheet  and  consequently  if 
i»  system  is  irrestitutional  the  length  of  the  subtangent  is  the 
bickDess  of  a  sheet,  and  in  general  if  the  thickness  of  a  sheet  is  J, 

Tow  from  an  experimental  case  it  is  extremely  easy  to  deter- 
dne  c  and  i  so  that  the  coefficient  of  restitution  may  readily 
\  found  for  a  given  case  from  the   equation 


=  /i-^=vT= 


/n/i. 


3r«=l  or  for  a  perfectly  restitutional  system  c=ao  and  /£=e'=l 
hile  for  «=0,  c=d,  or  if  J  is  the  unit,  yt£=e,  and  these  are  the 
miting  values  of  /i. 

Friction  in  terms  of  elasticity — The  energy  equation  for  an  in- 
nite  system  of  sheets  may  therefore  be  written 

id  if  the  functional  relations  of  e  and  the  velocity  were 
Down  w  could  be  immediatelj'  stated  in  terms  of  velocity, 
ha  the  other  hand,  experiments  on  friction  are  capable  of  yield- 
ig  values  of  e,  though  whether  this  would  be  convenient  and 
xpedient  method  of  investigation  is  another  matter.  Be  this 
B  it  may,  the  above  equations  establish  a  simple  and  rational 
dlation  between  friction  and  restitution  ;  they  show  that  fric- 
ion  may  be  removed  from  the  anomalous  position  it  has  hith- 
rto  occupied,  and  brought  qnder  the  great  problem  of  elasticity. 
Oeometrical  differences  between  systems  under  friction  and  impact. 
-There  is  a  formal  difference  between  the  behavior  of  a  finite 
jTstem  of  sheets  resting  against  a  rigid  obstacle  and  that  of  a 

Am.  Jour.  Sci.— Third  Seribb,  Vol.  XXX.  No.  177. — Sept.,  \ft%5. 

13 


202        G.  F.  Becker — Impact  Friction  amd  FaiiUinff. 

finite  compressible  rod.     Id  the  latter  case  I  have  shown  that 
the  energy  of  an  impact  is  to  be  regarded  as  divided  into  two 
portions  acting  from  opposite  directions  upon  the  passive  mass 
and  that  the  energy  curve  is  a  projected  catenary,  while  if  the 
strain  is  proportionate  to  the  stress,  the  geometrical  result  is  of 
the  same  character.    In  the  same  way,  if  a  finite  system  of  sbeete 
rests  on  a  rigid  mass  and  the  topmost  sheet  is  moved  against 
friction  by  an  impulsive  application  of  force,  this  force  is  to  be 
regarded  as  decomposed  into  two  shearing  stresses  acting  on  the 
upper  and  under  surfaces  respectively  in  opposite  directions. 
The  energy  curve  is  the  same  as  for  a  rivet,  but  the  geometri- 
cal result  differs  because,  as  the  rivet  may  be  conceived  as  at 
first  forming  part  of  an  infinite  rod  and  then  as  receiving  the 
energy  which  would  be  distributed  over  the  whole  mass  beyond 
the  point  x=a  from  the  opposite  direction,  so  a  finite  system  of 
sheets  is  to  be  regarded  as  at  first  of  infinite  thickness  and  a^ 
ranging  itself  on  the  simple  logarithmic  curve  and  tlien  as  re* 
ceiving  the  energy  potentialized  beyond  x=a  in  a  direction 
parallel  to  that  of  the  original  impulse,  but  differing  from  it  by 
an  angle  of  180°.     If  the  strain  is  proportionate  to  the  streSj 
the  geometrical  result  will  clearly  be  a  curve  of  the  form 

the  origin  being  taken  at  the  point  of  inflection  which  will  be 
on  the  same  ordinate  as  the  horizontal  point  of  the  energy  curve. 

There  is  a  corresponding  difference  between  the  results 
of  the  impact  of  two  compressible  masses  and  the  mutoal 
action  of  two  systems  of  sheets,  if  the  two  systems  move  rela- 
tively on  the  only  plane  common  to  both.  In  each  case  the 
energy  curves  of  the  two  systems  will  meet  in  a  salient  point 
on  a  line  corresponding  to  the  contact  plane.  For  the  imping- 
ing compressible  masses  the  geometrical  result  will  be  of  the 
same  character  as  the  distribution  of  energy.  The  two  systems 
of  sheets  on  the  other  hand  will  arrange  themselves  on  two 
(simple  or  composite)  logarithmic  curves  with  opposite  carva* 
ture,  so  that  if  the  material  of  the  two  systems  is  the  same  the 
junction  will  be  a  point  of  inflection  instead  of  a  salient  point* 

A  similar  reversal  takes  place  in  certain  cases  of  what  may 
be  called  negative  impact.  If  an  iron  rod  is  brought  in  con- 
tact with  the  surface  of  a  mass  of  melted  glass  and  withdrawn) 
the  thread  obtained  will  be  logarithmic  (for  evidently  dw  will 
equal  minus  wdx).  If  instead  of  an  iron  rod  a  glass  rod  i« 
substituted,  and  this  is  allowed  to  remain  in  proximity  to  the 
heated  mass  long  enough  to  become  somewhat  softened,  the 
hot  end  of  the  glass  rod  will  be  drawn  down  by  the  resistance 

*  The  subject  is  treated  at  length  and  illustrated  in  Geology  of  the  OoDStod^ 
Lode,  p.  173,  $i  aeq. 
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the   weight  depending  from  it  and  the  curve  shown  by  a 
DgitadinaJ  section  of  the  rod  will  be  continuous  with  that 

the  logarithmic  column,  instead  of  showing  a  salient  point 
the  junction  as  would  be  the  case  in  a  corresponding  posi* 
we  impact.  Similar  principles  apply  under  the  slightly  more 
>mplex  conditions  existing  when  a  glass  rod  is  softened  in  the 
iddle  before  a  lamp  and  drawn  out  from  the  cold  ends. 
Experiments  on  friction. — More  or  less  exact  experiments  can 
sadily  be  made  to  test  the  statements  as  to  friction  here  made. 
f  a  flat  bar  (such  as  a  standard  steel  foot  rule)  be  laid  upon  a 
ictional  surface  (blotting  paper  for  instance),  and  a  yielding 
lass  (say  a  rubber  pencil  eraser)  be  drawn  along  its  upper  sur- 
ice,  it  will  be  found  that  a  slight  pressure  suffices  to  set  the  bar 
D  motion  and  that  there  is  simultaneous  relative  motion  be- 
ween  the  rubber  and  the  bar  and  between  the  bar  and  the 
)lotter.  If  a  board  about  as  thick  as  the  bar  is  broad  is  cov- 
sred  with  thick  paper  of  the  same  kind  as  that  on  which  the 
i)ar  rests,  and  the  edge  (thus  prepared  for  the  sake  of  a  better 
contact)  is  pressed  upon  the  bar  and  moved  in  the  direction  of 
its  longer  dimension,  relative  motion  on  each  side  of  the  bar 
will  again  take  place.  In  these  experiments  if  the  pressure 
applied  is  very  light,  no  relative  movement  will  occur  below 
the  bar  because  a  certain  amount  of  energy  is  needful  to  strain 
the  minute  projections  of  the  paper  beyond  their  elastic  limit. 
These  trials  show  that  motion  is  really  produced  by  friction  if 
nnder  that  term  the  whole  phenomenon  is  understood,  or  con- 
comitantly with  friction  if  the  word  is  limited  merely  to  the 
dissipation  of  energy  accompanying  the  action.  Still  further 
to  test  the  character  of  this  transmission  of  energy,  I  arranged 
spile  of  seven  steel  bars  one  foot  long  \\"  wide  and  -^"  thick, 
inserting  between  each  a  slip  of  blotting  paper  of  the  same 
width  and  length  as  the  bars.  These  slips  of  paper  were  con- 
sidered necessary  to  effect  fairly  complete  contact  which  could 
have  been  attained  otherwise  only  by  grinding  the  bars  to- 
gether with  polishing  powder.  To  adjust  the  strips  of  blot- 
ting paper  to  the  steel  surfaces  and  to  remove  grosser  inequal- 
ities m  the  paper,  each  bar  was  rubbed  a  few  times  backward 
and  forward  on  the  underlying  slip.  A  long  strip  of  wood 
Was  then  laid  upon  the  strip  of  paper  covering  the  topmost  bar 
and  this  was  uniformly  weighted  over  the  bar  with  some  ten 
Ponnds  of  lead.  The  wooden  strip  was  then  drawn  away 
oy  a  horizontal  traction  for  three  or  four  inches.  The  energy 
^as  distributed  throughout  the  system,  relative  motion  taking 
place  from  the  first  instant  on  13  out  of  the  entire  15  contacts 
i^nd  the  ends  of  the  bars  were  manifestly  arranged  on  a  curve 
^ymptotic  to  their  original  plane  and  almost  certainly  recog- 
nizable as  the  logarithmic  curve  to  an  eye  familiar  with  its  form.* 
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Still  more  satisfactory  is  an  experiment  with  slips  of  paper.* 
If  a  considerable  number  of  slips  of  uniform  paper  are  arranged 
in  a  pile  held  down  by  a  weight,  and  a  blunt  edge,  such  as 
that  of  a  ruler,  pressed  upon  them  near  the  weight  and  dranro 
forward  at  right  angles  to  the  direction  of  the  edge  the  frac- 
tion of  an  inch,  the  edges  of  the  sheets  will  be  found  to  occupy 
a  curve.     If  the  operation  is  repeated  a  number  of  times  the 
curvature  becomes  very  sensible.     This  curve  can  be  plotted 
from  the  experiment  with  great  ease  and  will  be  found  to  coin- 
cide most  remarkably  both  as  to  curvature  and  the  position  of 
the  Rsvmptote  with  the  logarithmic  curve. 

If  the  sheets  were  perfectly  flexible  the  pressure  throughout 
the  system  under  the  narrow  area  in  contact  with  the  ruler 
would  be  confined  to  nearly  the  same  area  at  each  contacL 
The  weight  of  the  slips  of  paper,  it  is  true,  causes  an  increment 
in  pressure  from  the  surface  downward,  but  this  is  inconsidera- 
ble as  compared  with  the  combined  pressure  of  weight  and 
ruler.  If  the  slips  are  not  perfectly  flexible,  the  pressure  i» 
spread  over  a  wider  and  wider  area  from  the  top  downward. 
This  however  makes  no  difference  in  the  result,  since  the  frio- 
ticnal  resistance  varies  directly  both  as  the  surfaces  underpres- 
sure and  the  intensity  of  the  pressure  per  unit  of  area,  in  other 
words,  as  the  total  pressure  which  is  necessarily  the  same  (neg- 
lecting the  weight  of  the  slips)  at  each  contact,  however  the 
pressure  may  be  disseminated.  For  a  single  edge  many  edges 
or  points  may  be  substituted.  If  for  instance  a  few  dozen 
grains  of  sand  are  strewn  over  the  upper  sheet  and  a  bit  of 
plank  be  pressed  upon  the  system  and  moved,  the  sheets  will 
still  arrange  themselves  on  the  same  curve.  Even  a  single  point 
(a  pencil  point)  will  bring  about  the  same  result  On  the  other 
hand,  if  the  weight  is  uniformly  distributed  over  the  whole 
upper  surface  and  drawn  away,  the  system  will  break  at  one  or 
a  few  contacts  only.  The  experiments  indicate  what  might 
have  been  supposed  d^r/on  the  reason  of  this  failure.  Films 
of  air  occupy  ihe  by  no  means  infinitesimal  intervals  between 
the  sheets  and,  unless  these  are  broken  by  localized  pressurCt 
such  as  is  produced  by  a  point,  edge  or  narrow  weight,  thes© 
films  are  shifted  irregularly  an<l  prevent  the  uniform  action  of 
friction.  The  phenomena  are  then  comparable  rather  with 
those  of  lubricated  surfaces  rather  than  with  dry  friction.  A^ 
almost  self-evident  modification  of  the  experiment  confirmatory 
of  this  explanation  may  by  effected  by  setting  the  blunt-edge^ 
instrument  in  the  line  of  motion  instead  of  at  right  angles  ^ 

so  that  the  pressure  is  uniform  from   end  to   end   of  tb* 

ts  beneath  the  edge.     If  the  edge  slips  too  easily,  or  is  V>^ 

th  to  communicate  the  necessary  amount  of  energy  to  tl>^ 

*  Described  at  length  in  G60L  Ck)m8tock  Lode,  p.'  165. 
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ystem,  sufficient  friction  can  be  induced  by  fastening  round 
t  paper  of  the  same  kind  used  for  the  sheets.  The  resulting 
turve  is  the  same  as  that  produced  by  applying  the  edge  at 
ight  angles  to  the  direction  of  motion. 

In  experiments  with  slips  of  paper  it  is  easy  and  desirable 
to  apply  the  pressure  and  draught  mechanically,  although  an 
Bzcellent  coincidence  with  the  logarithmic  curve  can  be  ob- 
tained with  a  ruler  merely  held  in  the  hand.  If  in  mechanic- 
ally conducted  experiments  the  velocity  is  about  that  which 
one  would  naturally  employ  in  a  trial  by  hand,  say  six  or  eight 
inches  per  second,  the  coincidence  with  the  logarithmic  curve 
18  almost  perfect.*  If,  however,  by  a  very  light  pressure  and 
slow  mechanical  movement  with  an  edge  or  soft  blunt  point 
the  uppermost  sheet  is  given  an  extremely  slow  motion  so  that 
the  rate  of  movement  of  say  the  tentli  sheet  is  scarcely  percep- 
tible, the  curve  produced  has  a  subtangent  which  increases 
rapidly  from  the  nrst  sheet  onward.  So  also  must  therefore 
the  quantity  I  have  called  v  and  with  it  the  coefficient  of  kin- 
etic friction  for  these  extremely  low  velocities,  or  as  the  value 
<>f  the  statical  coefficient  is  approached.  Judging  from  this 
indication  it  would  appear  that  a  good  empirical  approximation 
to  the  relation  of  i  to  i;  might  be  obtained  r>y  adopting  the 

tractory  (or  "anti-friction"  curve  k^cC^^^)  rather  than  the 
hyperbola  to  represent  exoerimental  results,  but  the  value  of 
iin  terms  of  v  might  then  be  too  complex  for  practical  use. 
The  value  of  the  coefficient  of  restitution  indicated  by  experi- 
ments on  paper  is  as  it  should  be,  very  high.  In  my  former 
paper  I  noted  a  case  in  which  fx  was  1*4.  This  answers  to 
•sa'Sl.  With  other  qualities  of  paper  I  have  obtained  values 
rf  n  indicating  a  restitution  of  considerably  above  90  per 
ientw 

Conclusions  reached. — In  the  foregoing  pages  the  attempt  has 
ten  made  to  approach  the  subject  of  friction  as  a  problem  in 
lasticity.  I  began  by  discussing  the  distribution  ot  energy  in 
n  elastic  compressible  rod  and  showed  that  this  is  represented 
fi  general  by  the  simple  equation  w  =  cW.  Applications 
f  this  equation  to  some  special  chscs  were  made  ana  some  of 
be  modifications  necessary  for  incompressible  substances  were 
otnted  out.  By  regarding  friction  as  the  impact  of  the  minute 
^equalities  of  material  surfaces,  a  passage  was  effected  from 
mpaot  to  friction  and  from  a  compressive  to  a  shearing  strain. 
!?be  significance  of  Morin's  laws  under  this  supposition  was 
mlarged  upon.  It  was  then  shown  that  the  same  conclusions 
Eollowed  independently  of  the  physical  hypothesis  adopted,  a 
Uct  r^rded  as  confirmatory  of  this  hypothesis.     It  was  at  last 

*  See  Oeol.  Conuitock  LodOf  p.  167,  fig.  4. 
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I 
foQDd  that  the  formulas  for  the  distribution  of  energy  in  a  8ji» 
tem  of  sheets  could  be  reduced  to  terms  of  the  total  energy  aod 
the  coefficient  of  restitution  which  brings  friction  under  Iht 
head  of  the  general  elastic  problem  and  accomplishes  a  mail 
purpose  of  the  inquiry.  Various  experiments  designed  to  ten 
the  analytical  results  were  then  described.  It  only  remains  fia 
draw  some  general  conclusions  as  to  the  character  of  frictioii 
and  to  point  out  the  application  of  the  results  to  the  geologictt 
problems  which  led  to  the  investigation. 

Character  of  Friction. — The  term  friction  seems  to  be  some- 
what variously  applied  in  literature,  sometimes  indicating  the 
whole  resistance  offered  by  a  body  to  the  passage  of  another 
over  its  surface  and  sometimes  only  the  surface  resistance,  b 
appears  to  me  more  convenient  to  restrict  it  to  the  latter  sensei 
because  in  this  case  it  is  measured  by  what  is  known  as  the 
coefficient  of  friction.  When  one  body  tends  to  move  over 
another,  the  contact  being  frictional,  the  resistance  of  the  pa» 
sive  mass,  as  in  any  other  case  of  motion,  is  the  resistance  which 
it  offers  to  acceleration,  or  its  reaction  against  the  active  foroe. 
The  active  force  in  this  case  is  a  shearing  stress  and  its  effect  ii 
a  shearing  strain  which  is  distributed  throughout  the  entiif 
passive  mass.  The  resistance  as  a  whole,  therefore,  is  a  coon* 
ter  shearing  stress,  while  friction  considered  as  a  surface  resist- 
ance is  the  value  of  this  counter- stress  for  a  particular  plan^ 
If  the  passive  mass  is  nowhere  strain^  beyond  its  elastic  limit 
no  relative  motion  can  take  place  underordinarv  circumstanoei 
and  the  electric  resistance  of  the  minute  inequalities  of  the  f fic- 
tional surface  is  what  is  known  as  statical  friction.  If  the  siresi 
is  sufficient  to  strnin  the  minute  inequalities  beyond  their  elastie 
limit,  or  to  bend  and  compress  them  out  of  the  way,  relati?e 
motion  takes  place.  The  conceivable  case  of  surfaces  whollj 
elastic  but  only  partially  restitutional,  which  would  allow  of 
relative  motion,  does  not  seem  to  occur,  though  in  some  in- 
stances it  is  approached.  The  imperfectlv  restitutional  resist* 
ance  of  the  minute  projections  is  kinetic  motion,  and  as  a  mat- 
ter of  experience  is  always  attended  by  permanent  deformatiom 
It  must  in  all  cases  be  accompanied  by  a  strain  of  the  entire 
passive  mass,  though  this  strain  may  be  elastic  and  commonly 
is  so.  But  if  the  passive  mass  is  itself  a  system  presenting 
planes  in  which  resistance  is  inelastic,  motion  and  permanent 
deformation  must  occur  on  them  al.-o.  The  supposea  entire  in- 
elasticity, like  perfect  elasticity,  is  ideal.  The  fact  that  any 
surfaces,  however  inelastic,  produce  sound  when  undergoing 
friction  shows  thai  the  material  is  capable  of  molar  vibrations^ 
It  is  fair  to  conclude  that  the  coefficient  of  restitution  also  never 
reaches  its  limiting  value,  unity,  which  is  of  course  also  infera- 
ble  from  experiments  on  \mpaei.   11  \Xv^  T«Ky»X«wi^«tL\Jckfc  ^W^ 
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lOve  referred  to  is  partially  elastic,  motion  and  permanent  de- 
rmation  woald  always  occur  on  tbem  also  were  the  coefficient 
iTCBkitation  and  therefore  also  the  coefficient  of  friction  inde- 
mdent  <rf  velocity.  Motion  and  permanent  deformation  will 
inally  occar  on  such  planes  unless  the  strain  falls  short  of 
to  eliiBtic  limit  or,  practically  unless  the  strain  is  extremely 
B|^tb  The  frictional  resistance  depends  upon  the  geometrical 
am  and  absolute  dimensions  of  the  minute  projections  on  the 
iblniig  sur&oes,  the  extent  to  which  they  interlock,  and  upon 
leir  coefficient  of  restitution.  To  a  certain  extent  surfaces 
riMng  will  polish  one  another  and  friction  will  progressively 
inisbh,  bat  the  dust  resulting  from  attrition  ^will  always 
iflloe  to  produce  new  inequalities,  while  the  smoother  the  sur- 
bes  become  the  greater  must  be  the  influence  of  the  welding 
llich  aooording  to  Messrs.  Thomson  and  Tait  occurs  even  in 
b  mere  impact  of  polished  spheres.  A  tearing  of  the  surface 
ml  follow  cohesion  at  any  point,  so  that  this  cause  also  must 
Mtiiiiially  interfere  with  the  reduction  of  the  surfaces  beyond 
Mrtain  limit  of  smoothness.  The  character  of  the  surface  of 
iaimam  friction  resulting  from  the  actfbn  of  friction  itself  is 
obably  open  to  investigation.  It  will  evidently  be  closely 
onected  with  several  of  the  physical  properties  of  the  material. 
1  any  inquiry  into  friction  it  should  not  be  forgotten  that  the 
ilent  to  which  the  inequalities  overlap  is  in  part  determined 
r  the  elasticity  of  the  whole  masses  in  contact,  which  must 
erefore  be  taken  into  consideration  as  well  as  the  coefficient  of 
stitntion  of  the  inequalities  of  the  surfaces. 
Qeological  appltcaium. — Suppose  :i  mass  of  rock  in  place  is 
Tided  by  any  means  into  parallel  sheets :  let  the  country  ad- 
ining  one  sioe  of  this  system  of  sheets  be  solid ;  and  let  the 
bole  system  be  held  together  by  a  pressure  normal  to  the 
Bare  planes.    If  the  solid  mass  adjoining  the  system  of  sheets 

I  forced  to  rise,  the  conditions  discussed  at  such  length  in  the 
ffegoing  pages  are  present  The  energy  of  the  moving  mass 
iU  be  distributed  through  the  system  logarithmically.  If  the 
fstem  is  infinite,  or  contains  a  considerable  number  of  sheets, 
nd  if  the  coefficient  of  re8titution  is  constant,  the  distribution 
f  energy  will  be  represented  by  the  simple  logarithmic  curve 
owever  the  friction  may  vary.     If  the  friction  is  the  same  on 

II  the  contacts,  the  geometrical  result  will  be  represented  by 
be  same  curve.  If  the  friction  remaining  constant  the  system 
I  regarded  as  including  a  finite  number  of  members  the  geo- 
oetrical  results  will  be  represented  by  the  difference  of  two 
imple  logarithmic  curves.  These  are  the  three  fundamental 
propositions  asserted,  and  so  far  as  I  can  see  rigidly  proved  in 
ay  former  paper  on  faulting,  but  reached  by  a  wholly  different 
^eibod  from  that  here  adopted.     New  experimenla  aa  '^^W  ^^ 
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new  proofs  are  given  above  and  the  analysis  is  farther  extende 
That  a  fault  under  a  compressive  stress  in  a  mass  of  rock  ci 
by  a  single  fissure  will  tend  to  produce  a  eiystem  of  parall 
fissures,  I  showed  in  my  former  paper ;  I  have  nothing  to  ad 
on  that  subject.  This  fact  explains  the  formation  of  parall< 
veins,  the  parallel  fissure  of  step-faults  and  the  sheeted  structui 
of  landslides  which  are  merely  superficial  faults. 

Faults  are  known  to  be  in  a  large  proportion  of  cases  the  n 
suit  of  a  tendency  to  fold  carried  beyond  the  limit  of  elasticit 
of  the  rock.  The  simplest  case  of  faulting  is  therefore  an  anti 
clinal  fault  passing  over  into  a  fold  at  its  extremities.  I  bav 
shown  that  under  certain  conditions  instead  of  a  single  fiasur 
a  system  of  parallel  fissures  will  be  formed,  and  that  the  move 
ment  will  be  (listributed  over  all  of  them.  The  upper  end  o 
any  sheet  will  then  remain  parallel  to  its  original  position.  Ii 
a  stratified  country  intersected  by  such  a  fissure  system  the  re 
suit  is,  strictly  speaking,  a  system  of  monoclinal  faults.  Th( 
divisions  of  the  step- faults  which  I  have  personally  inspected 
however,  are  all  too  insignificant  in  thickness  to  be  ordinarilj 
or  conveniently  classiffed  as  monoclinal  faults.  That  this  it 
not  always  the  case  is  apparent  from  Mr.  Geikie's  illustration* 
of  a  step-fault  in  the  coal  fields  between  Linlithgow  loch  and 
the  Frith  of  Forth.  The  logarithmic  character  of  this  fault  is 
manifest  from  the  illustration,  while,  if  I  understand  the  geog- 
raphy aright,  the  separate  benches  must  be  as  much  as  a  qaartei 
of  a  mile  in  width.  Even  if  the  section  is  not  to  scale,  the 
width  of  the  sheets  must  evidently  be  such  that  no  one  would 
hesitate  to  include  the  case  among  monoclinal  faults.  In  this 
particular  instance  the  strata  are  practically  horizontal.  This 
is  a  matter  of  no  consequence  however,  for,  had  they  been  in- 
clined previous  to  the  intersection  by  the  fissure  system,  tbey 
would  still  be  inclined  at  the  same  angle.  Thus  it  is  certain 
that  some  monoclinal  faults  are  explicable  on  the  theories  set 
forth  above  and  their  relation  to  anticlinal  faults  is  at  once  evi- 
dent. They  result  from  the  substitution  of  a  system  of  fissures 
for  a  single  fissure  in  an  anticlinal  fold  followed  by  the  distribu- 
tion of  motion  over  all  the  contacts.  In  all  such  cases  it  is  un- 
necessary to  suppose  a  tilting  of  the  monoclinal  blocks  in  a 
plastic  magma  after  separation  from  the  adjoining  country,  or 
to  conclude  that  the  fissures  have  gaped  to  allow  of  such  tilt- 
ing ;  for  step-faults  involve  the  compressive  strains  which  most 
geological  phenomena  lead  us  to  suppose  the  rule  in  geological 
dynamics.  A  series  of  blocks  tilted  after  separation  from  ih( 
surrounding  country  also  leave  a  triangular  space  at  each  em 
of  the  system  which  must  apparently  fill  with  the  plastic  magnia 
a  complication  which  will  not  be  met  with  in  step-faults.    Tbi 
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Sbrds  a  distinotion  which  may  in  some  oases  serve  to  de- 
he  character  of  a  pariicalar  fault. 

oe  different  lines  of  research  lead  to  the  principle  of  the 
thmic  distribation  of  energy  in  systems  of  sheets  connect- 
friction,  and  since  this  result  is  confirmed  by  experiments 
bsenration  it  appears  to  me  that  it  may  fairly  be  claimed 
ablished  and  as  affording  a  valid  explanation  of  the 
ural  problems  presented  by  step-faults,  parallel  systems 
oa,  and  of  some  mouoclinal  faults  and  landslides.* 
lall  take  advantage  of  the  first  space  which  may  be  allowed 
L  this  Journal,  to  show  that  the  same  principles  apply  to 
er  and  very  different  problem  in  structural  geology,  and 
isent  an  entirely  fresh  proof  of  the  fundamental  equation, 

)  of  the  XT.  S.  Geological  Survey, ) 
an  Fnndaoo,  Febraary,  1886.       ) 

.  Boss  B.  Browne,  of  the  University  of  California,  has  published  an  attack 

le  theory  of  step-faults  given  in  my  report  upon  the  Comstock   Lode  (this 

L  vol.  xzviii,  p.  348).    I  feel  great  dilfldenoe  in  opposing  my  opinions  on 

>]ect  to  those  of  an  author  who  writes  in  so  authoritative  a  tone,  for  my 

owledge  of  the  science  of  mechanics  is  rudimentary.     I  am  nevertheless 

U>  the  conclusion  that  Mr.  Browne  has  failed  to  perceive  the  full  significance 

in*s  laws.    To  pjant  that  friction  is  independent  of  velocity  and  yet  to 

iat  there  will  be  motion  on  each  contact  of  a  system  of  sheets,  such  as  that 

ad  above  is  simply  to  deny  the  presence  of  a  stress,  for  this  independence 

movement  (a  strain)  however  slight  the  stress.     But  to  deny  a  stress  under 

nditions  would  be  to  deny  the  principle  of  the  equivalence  of  action  and 

1.     So,  too,    Mr.  Browne  disputes  the  applicability  of  my  experiment  on 

>f  paper  as  a  test  of  the  theory  proposed,  4>ecauae  the  pressure  of  a  blunt 

ill  not  be  confined  strictly  to  the  same  area  at  each  contact    Tet  this  can 

lo  difference  under  Morin's  laws,  since  under  tliem  the  frictional  resistance 

contact  depends  upon  the  total  pressure  exerted  upon  the  entire  area  of 

tional  sur&ce  and  not  in  the   least  upon  its  distribution.    Morin's  laws 

the  basis  of  my  analysis  as  was  stated  over  and  over  again  in  my  former 

Lhough  I  endeavored  to  experiment  iu  such   a  way  as  to  be  as  little  de- 

I  upon  them  as  possible. 

^ng  my  explanation  of  the  curve  obtained  in  the  experiment  Mr.  Browne 

s  an  improvement  one  founded  on  what  appears  to  me  a  strange  physical 

^sis  and  which  leads  him  to  the  hyperbola  y=c/2.     Iu  my  report,  p.  167.  I 

ed  the  experimental  curve  with  this  locus,  and  showed  that  the  (tosition 

isymptote  is  fatal  to  the  supposition.    If  this  is  not  regarded  as  a  sufficient 

>n  the  incorrectness  of  the  solution  will  be  evident  when  it  is  considered 

—I     "  —1 

en  if  the  equation  is  given  the  form  y=c(\  +x)    ,  2(1  +as)     =ao ;  so  that 

0 

terbolic  curve  could  only  result  from  the  applicntion  of  an  infinite  amount 
rgy.  In  short,  without  going  into  farther  detail.  I  fail  to  see  that  Mr. 
)  has  pointed  out  any  error  in  my  work  or  that  he  has  thrown  any  addi- 
ght  on  the  subject. 
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Art.  XXVII. — Note  on  the  Transmission  of  Light  by  Wirt 

Gauze  Screens;  by  S.  P.  Langley. 

In  the  beginning  of  the  present  year,  a  friend  sent  me  a 
series  of  wire-gauze  screens,  which  he  used  to  diminish  tbe 
apparent  brightness  of  stars  in  making  meridian  observations, 
with  a  request  that  I  would  determine  photometrically  tbe 
amount  of  light  transmitted  by  them.  As  such  screens  are 
occasionally  employed  in  astronomical  work,  particularly  in 
the  use  of  the  heliometer,  I  have  thought  the  following  accoant 
of  our  experience  of  sufficient  interest  to  make  public. 

I  used  for  the  measurements  a  photometer  box  origiDallj 
constructed  for  another  purpose,  ana  an  opaque  wheel  or  disc, 
having  radial  slits  of  variable  width,  whicn  placed  in  the  path 
of  a  ray  of  light  and  rotated  with  sufficient  velocity,  can  be 
made  to  reduce  the  light  to  any  desired  fraction  of  its  original 
intensity.  (This  I  have  employed  for  some  years  for  photo- 
metric measurements  when  it  is  desirable  to  avoid  the  use  of 
polarizing  apparatus.)  In  the  center  of  the  photometer  box 
was  a  sliding  Bunsen  disc  which  could  be  viewed  from  above 
by  a  suitable  arrangement  of  mirrors.  The  open  ends  of  the 
box  were  directed  to  two  opposite  windows,  ana  the  disc  placed 
in  such  a  position  that  its  sides  were  equally  illuminated.  Tbe 
wire  screen  was  then  placed  over  one  end  of  the  box,  the  wheel 

[)hotometer  in  front  of  the  other  end,  and  the  apertures  of  tbe 
atter  altered  until  the  equality  of  illumination  of  the  Bunsen 
disc  was  restored.  The  screen  then  cut  off  the  same  amount 
of  light  r,s  the  wheel.  From  several  series  of  measurements 
made  in  this  way  it  was  found  that 

1  screen  transmitted  '395  ±'004  of  the  inddent  light 

2  screens  superposed  transmitted  '144±*004      ^*  " 

3  "  "  "  '052  ±'003       "  " 

These  numbers,  as  was  to  be  expected,  are  nearly  in  geomet- 
rical progression.  The  screens  were  returned  to  the  sender 
and  the  results  communicated  to  him,  but  he  wrote  that  Qfxm 
trial,  he  found  the  reduction  of  light  very  much  greater  than 
the  above  values,  three  superposed  screens  reducing  the  light 
of  a  star  by  T'l  magnitudes,  which  corresponds  to  a  transmis- 
sion of  only  '0014. 

I  was  at  that  time  absent,  and  my  assistant,  Mr.  J.  E.  Eeeler, 
undertook  the  investigation  of  the  cause  of  the  discrepancy, 
which  he  attributed  to  loss  of  light  by  diffraction  under  the 
circumstances  in  which  the  screens  were  used  by  their  owner, 
i.  e,  in  front  of  the  object-glass  of  a  telescope  directed  upon  a 
star.  With  diffuse  light  such  as  was  used  in  the  measurements 
with  tbe  photometer  box,  xvo \oaa  ^w^  X»  \)q\^  <^>\%^  ^^^ ^<5«kMa* 
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apparatus  devised  by  Mr.  Keeler  for  an  experimental 
ition  of  the  loss  by  diffraction,  the  star  waa  replaced 
iminated  pinhole  in  the  focus  of  a  8-inoh  collimating 
This  was  viewed  by  an  observing  telescope  of 
ual  size,  in  the  eye-tube  of  which  was  an  unsilvered 
»  mirror,  which  reflected  into  the  eye-piece  a  corn- 
er— the  image  of  an  illuminated  pinhole  produced  by 
ting  telescope  at  right  angles  to  the  other  two.  In 
3f  tne  rays  from  this  telescope  could  be  interposeil  the 
otometer.  The  light  before  entering  the  first  pinhole 
eflection  from  an  unsilvered  glass  surface  in  order  to 
I  intensity  to  that  of  the  comparison  star. 

0  images  in  the  field  of  view  having  been  adjusted  to 
the  wire-gauze  screen  was  interposed   between  the 

asses  of  the  collimating  and  observing  telescopes, 

the  light  of  the  star  and  producing  around  it  the 
Mxx  diffraction  image  of  a  network.  The  wheel  photo« 
3  then  introduced,  and  the  intensity  of  the  comparison 
3ed  until  it  was  equal  to  the  central  image  of  the  other, 
^ing  the  pinholes  until  the  superposition  of  the  colors 

white  light,  the  intensity  of  the  diffraction  images 
3  be  estimated. 

thus  found  that  the  central  image  had  only  '175  of 
al  brightness,  which  would  therefore  be  the  proportion 
ed  by  the  screen  under  these  conditions,  and  that  the 
s  of  each  of  the  four  first  spectra  was  *05  of  that 
^  possessed  by  the  central  image.  Two  thicknesses  of 
^auze  transmitted  barely  *02  as  measured  by  the  in- 
:  the  central  image. 

reens  with  which  these  experiments  were  made  were 
irser  than  the  original  ones,  and  it  was  expected  that 

of  diffraction  would  be  less  pronounced.  The  trans- 
»f  one  thickness,  measured  by  the  photometer  box,  was 
'O  thicknesses  '21. 

'  the  apertures  of  the  screen  and  the  diameter  of  the 
}  measured  by  a  micrometer  microscope  and  the  aper- 
nd  to  occupy  '465  of  the  total  area  of  the  screen, 
concluded  therefore  as  the  result  of  the  experiments: 
.t  the  transmission  as  measured  by  the  photometer  box 

1  to  the  ratio  of  the  sum  of  the  areas  *)f  the  apertures 
een  to  its  total  area,  and  therefore  c6uld  be  considered 
true  transmission  of  the  screen,  and 

t  the  much  smaller  transmission  of  the  screen,  when 
ront  of  the  object-glass  of  a  telescope  to  diminish  the 
brightness  of  a  star,  is  satisfactorily  accounted  for  by 
f  light  caused  by  diffraction  under  these  circumstances. 
t  screens  used  for  this  purpose  should  bave  \,\ve\t  ^oxi- 
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stants  determined  by  special  experiments  of  the  nature  of  tl 
just  detailed,  and  that  their  photometric  use  should  then 
limited  to  the  reduction-  of  the  light  of  bodies  possessin 
small  angular  magnitude. 

AllegheDj  Observatoiy,  July  13,  1886 


Art.  XXVIII. — Oeohgical  Relations  of  the  Oypsum  Deposit 
Cayuga  County^  S'.  Y. ;  by  S.  G.  Williams. 

It  is  well  known  to  geologists  that  the  strata  containing 
gypsum  deposits  of  New  York,  ranging  from  Madison  Com 
westward,  at  the  time  of  the  State  Geological  Survey  were 
assigned  to  the  third  of  the  four  groups  into  which  the  Sal 
Period  was  divided  ;  and  that  these  gypsum  deposits  were 
scribed  as  isolated  masses  of  possibly  concretionary  charac 
contained   in  the  enclosing   beds.     The  gypsum  beds  ash 
distance  north  of  Union  Springs,  Cayuga  County,  are  much 
most  extensive  of  these  deposits,  and  as  they  afford  a  fertili 
of  approved  quality,  they  have  been  largely  laid  open  by  wo 
ings  prosecuted  during  more  than  fifty  years.     A  rock  cult 
made  by  the  Cayuga  Lake  Railroad,  along  the  bank  of  the  1) 
within  eighty  rods  of   the  largest  quarries,  has  also  laid  oj 
the  strata  which  underlie  the  gypsum  beds.     A  recent  exami 
tion  of  the  gypsum  beds  and  their  enclosing  strata,  made  w 
these  more  recently  afforded  aids  to  investigation,  and  acc( 
panied   by  fortunate  discoveries  of  somewhat  abundant  thoi 
often   badly    preserved   fossils,   has  not  only  shown   that 
gypsum  in  this  locality  exists  in  continuous  beds  of  a  considi 
ble  degree  of  regularity,  but  has  also  afforded  reasons  for 
lieving  that  this  portion  of  the  gypseous  series  belongs  rat 
with  the  Lower  Helderberg  than  with  the  Salina. 

A  section  at  this  point  eastward,  and  thus  nearly  in  the  1 
of  strike,  from  the  level  of  Cayuga  Lake   to   the   top  of 
Oriskany  sandstone,  is  about  li4  feet  thick,  and  consists  of 
following  members,  numbered  upward  from  the  lake  level : 

No.  8.  Oriskany  sandstone  in  a  single  fossiliferous  seam,  3  feet 
"     7.  Drab  limestone,  upper  beds  with  thin  undulating 

larainie:  ^posed,  10  f< 

"     6.  Limestone   revealed  only  in  occasional  outcrops, 

leveled  with  Locke-level,  about  46  ' 

*'     6.  Thick-bedded  blue  limestone,  containing  MeristeUa 

Icevis^  Orthis  oblata^  small  form,  Rhynchonella 

semiplicata,  Strophodotita  varistrinta^  etc.,  10  * 

■  ^^     4.  Drab  limestone,  holding  a  branching  fucoid  and 

Nucleospira  t)entrico«a,  ^  * 
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8.  Measures  ooDcealed,  leveled  with  Locke-level,  20  feet. 

2.  Thin-bedded  blae  limestone  terminating  below 

with  a  seam  2  feet  thick,  4  ^' 

1.  Drab  limestone  unevenly  bedded  with  two  or  three 

thin  blue  seams,  to  Lake-level,  16   ^ 

*he  mean  of  four  readings  with  the  aneroid  agrees  well  with 
total  thickness  here  given.  The  beds  No.  1  have  yielded 
ils  at  three  points,  all  at  about  the  same  level  near  the 
die  of  the  series,  viz  :  one  head  of  Eurypterua  remipes^  and 
rahly  abundant  Leperditia  alta,  NucUospira  ventricosa  and 
istMa  bisulcata.  Although  the  two  species  last  named  are 
imperfectly  preserved,  still  the  comparison  of  a  considerable 
dber  of  specimens,  among  which  are  some  fair  casts  of  the 
tior,  leaves  no  good  reason  to  doabt  their  specific  identity  ; 
ides  which,  my  own  opinion  is  confirmed  by  that  of  the 
erienced  paleontologist,  Mr.  R.  P.  Whitfield,  to  whom  a 
aber  of  the  specimens  were  submitted. 
tesides  the  irregularities  in  the  bedding  of  No.  1  mentioned 
he  section,  the  strata  in  this  region  are  occasionally  affected 
local  disturbances.  The  most  common  of  these  is  a  sudden 
ing  of  the  beds  at  a  low  angle,  continuing  sometimes  a 
nber  of  rods,  which  is  caused  apparently  by  a  failure  of  sup- 
t  from  below.  One  such  disturbance  occurs  near  the  middle 
No.  1,  causing  the  bfds  to  dip  very  perceptibly  to  the  south- 
t  for  a  short  distance.  More  considerable  disturbances  of 
e  character  affect  the  Corniferous  limestones  of  Union 
rings,  about  two  miles  south  of  the  plaster  quarries,  two  of 
ich  have  come  under  my  notice.  One  of  these,  which  was 
intioned  and  figured  in  the  Report  on  the  3d  District,  and  by 
lich  the  limestone  is  caused  to  pitch  suddenly  south  at  an 
gle  of  18®,  has  within  the  last  two  years,  been  more  fully 
7elo(>ed  by  the  opening  of  a  large  quarry  immediately  south 
the  disturbed  beds.  In  this  quarry,  which  is  capped  by  a 
Dsiderable  thickness  of  Marcellus  shales  with  a  bana  of  con- 
itionary  limestone,  is  revealed  a  flat-topped  anticlinal  arch 
th  an  E.-W.  strike,  the  southern  limit  of  which  has  not  yet 
en  reached  in  quarrying,  while  the  northward  dipping  side 
th  an  angle  of  20®  is  near  the  junction  with  the  southward 
pping  beds  described  by  Vanuxera.  In  one  of  the  most  ex- 
nsive  plaster  quarries  also,  there  occurs  a  gentle  anticlinal 
ith  meridional  strike,  through  which  the  prefient  working  floor 
this  quarry  and  the  one  to  the  north  of  it,  is  made  to  dip 
stward  at  a  small  angle  as  far  as  the  workings  extend ;  and 
this  dip  continues,  it  will  increase  by  a  number  of  feet  the 
)ace  between  Nos.  2  and  4  which  was  found  by  leveling  to  be 
)  feet.  The  knowledge  of  these  occasional  irregularities  de- 
Bodedcautioa  in  assigning  the  gypseous  series,  w\l\i  aiv  av^Tvv^<^ 
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thickness  of  about  26  feet,  to  its  proper  place  in  the  section, 
especially  since  the  space  of  nearly  a  quarter  of  a  mile  between 
the  fossil-bearing  beds  on  the  lake  shore  and  the  gypsum  quar- 
ries, is  concealed  by  drift.  Fortunately  the  valley  of  a  brook, 
separated  only  by  a  single  field  from  the  nearest  quarry  at  this 

f>oint,  affords  a  continuous  line  of  outcrop  from  the  fossiliferoni 
imestones  on  the  lake  to  the  top  of  No.  2,  by  which  its  con- 
tinuity is  assured.  The  top  of  No.  2  is  20  feet  above  the  lake- 
level,  which  is  also  the  height  of  the  floor  of  the  nearest  plaster 
quarry.  Add  to  this  the  fact  that  the  character  of  No.  2 
corresponds  with  that  of  the  bed  of  tough  blue  limestone  which 
forms  the  bott<^^im  of  all  the  southern  quarries,  and  there  is  no 
reason  to  doubt  that  the  plaster  series  belongs  in  the  covered 
space  between  Nos.  2  and  4,  widened  probably  by  the  local 
easterly  dip  mentioned  above, — a  position  to  which,  in  the  *\ 
absence  of  any  local  irregularities,  it  would  be  unhesitatinglj 
assigned  by  any  geologist. 

There  is  then  no  doubt  that  the  gypsum  deposits  here  form 
a  part  of  the  fossiliferous  series,  lying  above  beds  containing 
Euryptenis,  Leperditia  alta,  Nucleospira  ventricoaa  and  Merit- 
tella  bisulcata^  and  below,  or  in  close  connection  with,  beds  con- 
taining well-marked  fossils  of  the  Pentamerus  and  Shaly  Lime- 
stone horizons  of  the  Lower  Helderberg.  It  should  also  be 
b«)rne  in  mind  that,  apart  from  the  gypsum  beds,  the  entire  sec- 
tion from  the  lake  level  to  the  Oriskany  sandstone,  is  made  up 
of  drab  limestones  with  frequent  blue  seams,  sometimes  of  con- 
siderable thickness,  as  in  No.  6.  Some  of  these  limestones,  both 
at  the  bottom  and  top  of  the  series,  are  highly  laminated,  show- 
ing thin  layers  of  slightly  different  colors,  and  nearly  all  hold 
a  considerable  amount  of  impurities.  A  test  which  was  made 
of  No.  1  showed  25^  per  cent  of  insoluble  matter,  so  fine  as 
to  cause  difficulty  in  filtering;  while  some  of  the  higher  beds 
above  No.  5  are  said  to  have  been  burned  for  hydraulic  lime  at 
an  early  day,  yielding  a  cement  of  good  quality,  thus  showing 
that  they  are  probably  no  purer  than  No.  1.  There  is  indeed, 
even  if  we  set  aside  the  fossil  evidence  now  gained  as  to  geologi- 
cal age,  no  such  lithological  change  in  the  limestones  as  to 
warrant  the  reference  of  the  lower  portion  of  them  to  the 
Salina  Period,  and  the  upper  part  to  the  Lower  Helderberg. 
Nor  is  it  likely  that  any  such  reference  would  ever,  have  been 
made  had  it  not  been  for  the  presence  of  the  gypsum  deposits. 
These  deposits  in  the  regions  both  east  and  west  of  Cayuga 
county  appear,  from  the  state  reports,  to  occupy  a  pretty  definite 
place  in  strata  bearing  intimate  relations  witn  the  shales  of  the 
salt  group;  to  occur  in  irregular  masses  encloeed  in  marly 
shales  whose  lamination  they  sometimes  share  and  sometimeB 
disturb ;  and  to  be  divided  oi\jeii\Ti\o  \.^o  ^'  iM^g»"  \s^  ^^^* 
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r  porous  or  vesicular  lime  rook,  or  by  shaly  limestones,  bold- 
ly indicauoDS  in  bopper-sbaped  accretions  of  tbe  action  of 
ine  waters.  It  was  nataral,  tberefore,  in  tbe  absence  of  any 
idence  to  tbe  contrary,  that  tbe  occurrence  of  gypsum  in  any 
ditional  locality  not  oo viously  removed  from  its  usual  horizon, 
ould  lead  to  tbe  reference  of  botb  gypsum  and  tbe  accompany- 
g  strata  to  tbat  usual  borizon.  A  orief  description  of  tbe 
fpseous  series  bere  bowever  will  sbow,  I  think,  tbat  its  struct- 
re  bears  no  very  close  resemblance  to  tbat  of  tbe  gypsum  of 
leSalina  Period;  that  its  character  is  intimately  related  with 
lit  of  the  accompanying  limestones ;  and  tbat  botb  character 
Qd  structure  tena  to  indicate  for  it  a  different  geological 
orison,  if  not  a  different  origin,  from  tbat  of  most  of  tbe  otber 
ypsum  deposits. 

It  may  l:^  said  at  tbe  outset  tbat  the  gypsum  deposits  of  this 
^on  are  not  irregular  masses :  they  have  no  relations  there- 
)re  with  marly  strata  surrounding  and  enclosing  them  ;  they 
re  not  associated  with  any  ^*  vermicular  lime  rock "  within 
liem,  nor  with  anything  answering  to  the  4th  or  Magnesian 
ivision  of  tbe  Salina  lying  above  them.  In  one  point  only 
0  they  bear  a  superficial  resemblance  to  the  deposits  else- 
rbere:  they  occur  in  two  ^^  ranges,"  or  rather  beds,  separated 
rom  each  other,  however,  not  by  shaly  or  vesicular  lime  rock, 
lut  by  a  bed  called  slxUe  by  the  quarrymen,  made  up  of  thin 
earns  of  gypsum,  interlaminated  with  other  layers  of  sbale. 

The  gypseous  series  here,  as  revealed  by  workings  mostly 
ionfined  to  tbe  vicinity  of  tbe  lake,  but  extended  northeast- 
rard  nearly  three  miles  by  occasional  pits,  from  Yawger's 
joarry  on  tbe  south,  tbe  bottom  of  whicb  is  25  feet  below  the 
ake  level,  to  tbe  northernmost  ones  of  Mr.  Fitch  and  others 
vhich  are  more  than  100  feet  above  the  lake,  has  a  very  uni- 
bnn  character,  consisting  as  it  does  of  three  persistent  and 
X)lenbly  regular  members.     First  occur*s  the  lower  seam  of 

S^psam,  highly  laminated  and  separating  into  several  distinct 
yers,  somewhat  harder  than  the  upper  seam,  and  of  an  usual 
thickness  of  seven  feet,  varying  but  little  in  this  respect.  The 
existence  of  this  seam  appears,  from  the  statement  of  the 
owner  of  most  of  the  quarries,  not  to  have  been  suspected 
forty  years  ago.  Second:  upon  this  rests  a  stratum  usually 
aboQt  thr^e  feet  thick  called  slate  by  the  quarrymen,  consisting 
of  alternating  laminae  of  gypsum  and  shaly  matter,  and  said  to 
be  gypseous  enough  in  the  northernmost  quarries  (which  are 
now  little  worked)  to  be  ground  for  plaster.  Third:  the  up- 
per gypsum  bed  which  closes  the  series,  varies  much  in  thick- 
ness, from  nothing  to  upwards  of  20  feet,  averaging  possibly 
15  feet  Its  variability  in  thickness  is  probably  due  mostly  to 
deDudation,  since  it  ia  capped  by  yellow  dr\tl  cVay  m  ii«8Ct\^ 
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every  place  where  it  is  laid  open  by  workings ;  the  only  excep 
tion  that  I  could  find  being  in  the  two  northern  quarries  callo 
the  Fitch  quarries  and  which  are  but  a  few  rods  distant  fron 
each  other.  Here  the  gypsum,  which  occurs  in  several  thiol 
layers  not  well  enough  revealed  to  admit  of  definite  measure 
ment  but  showing  at  least  12  feet,  has  above  it  about  six  fee 
of  black  cUrt  resembling  an  impure  leached  gypsum  which  ii 
probably  is,  ei^ht  feet  of  very  shaly  drab  limestone,  and  three 
leet  of  somewhat  firmer  drab  limestone  containing  Spirifm 
Vanuxemt,  a  Lingula  apparently  undescribed,  somewhat  smaller 
and  more  oval  than  L.  spathata,  fragmentary  impressions  of  a 
Bhynchonella  not  sufficient  for  determination  but  having  some 
resemblance  to  R.  mutabilts,  and  a  slightly  tapering  fragment 
2^  inches  long,  nearly  an  inch  wide  at  the  widest  end,  and  1 
inch  wide  at  the  narrowest,  and  marked  lengthwise  with  12 
shallow  furrows ;  this  may  possibly  prove  to  be  a  plant  allied 
to  Calamites.  These  fossils  have  been  discovered  since  the  first 
part  of  this  paper  was  written  ;  but  their  bearing  on  the  ques- 
tion of  geological  age  will  be  obvious.  The  upper  gjpsnm 
bed  shows  little  disposition  to  separate  into  distinct  layers  8a?e 
in  the  northern  quarries,  and  is  softer  and  somewhat  less  dense 
than  the  seven-foot  bed.  It  was  thought  also  to  be  of  better 
quality  until  analysis  showed  it  to  be  nowise  superior.  All 
the  members  of  the  series  show  occasionally  small  spots  and 
thin  scale-like  laminae  of  sulphur,  more  especially  on  dirt 
seams.  The  upper  bed,  I  am  told,  contains  more  of  this  sal* 
phur  than  the  lower,  and  the  slate  seam  more  than  either.  The 
gypsum  of  both  seams  varies  from  a  light  to  a  somewhat  dark 

gray. 

The  gypseous  series  here  shows  therefore  no  tendency  to 
form  isolated  masses,  save  where  denudation  may  give  it  that 
appearance,  in  which  case  it  is  enveloped  in  drift  clay.  Two 
proprietors  of  long  experience  however  inform  me  that  the 
entire  set  of  beds  is  occisionally  cut  across  by  what  are  called 
"  mud  seams  "  from  one  to  five  feet  wide,  that  the  mud  seams 
are  often  of  thin- laminated  structure  and  sometimes  contain  a 
little  gypsum  and  selenite,  and  that  the  gypsum  be<ls  abut 
against  them  regularly  on  both  sides.  The  only  example  of 
this  kind  of  ref)lacement  that  has  come  under  my  notice,  was 
in  the  edge  of  one  of  the  quarries  where,  at  the  time  of  my 
last  visit,  the  lower  gypsum  bed  and  the  "slate,"  the  only 
members  there  present,  had  suddenly  given  place  below  to 
black  thinly-laminated  mud,  and  above  to  harder  thin-bedded 
ferruginous  shale,  the  "mud  seams"  abutting  against  the  gyp- 
sum and  "slate"  in  a  reentrant  fashion.  The  lamination  o( 
the  mud  appeared  to  correspond  to  that  of  the  gypsum  against 
which  it  abutted,  and  one  block  was  hard  gypsum  at  one  end 


S.  Q.  WiUiams — Gypmmi  Depoaite  in  New  York.    217 

od  black  laminated  mud  at  the  other,  although  elsewhere  the 
ypBum  and  mud  were  separated  by  irregular  joint-like  cracks. 
.  was  inclined  to  attribute  the  change  to  the  action  of  water 
lenetrating  to  the  beds  through  crevices  in  the  clay  cover. 

The  limestone  of  that  part  of  the  series  in  question  which 

encloses  the  gypsum  beds  is  of  a  prevailing  drab  or  ash  color, 

with  a  few  Uue  seams,  of  which  No.  2  of  the  section  is  the 

only  important  one.    It  is  often  highly  laminated ;  has  a  con- 

aderable  amount  of  impurities  as  has  already  been  said  ;  and 

by  reason  of  the  earthy  character  of  these  impurities,  it  shows 

such  a  disposition  to  absorb  water  as  to  unfit  it  for  all  but  the 

looghest  purposes.    A  fragment  of  No.  1  gained  in  weight  8 

per  cent  by  two  hours  soaking,  while  a  like  fragment  of  the 

blue  limestone  No.  2  showed  no  appreciable  gain  in  the  same 

tima 

The  character  of  the  limestones  just  described  seems  to  me 
to  throw  li^ht  on  the  question  of  the  origin  of  the  gypsum  beds ; 
these  I  thmk  have  obviously  been  formed  from  the  earthy 
diab  limestones  of  the  horizon  at  which  they  occur,  as  the  result 
of  the  action  upon  them  of  acid  waters  originating  in  sulphur 
springs,  which  are  still  somewhat  abundant  in  this  region,  and 
whicn  it  may  be  presumed  were  more  abundant  at  an  earlier 
geological  date.     The  porous  character  of  the  drab-colored 
mnestones  would  facilitate  such  a  transformation,  under  favora- 
ble circumstances ;  while  the  imperviousness  of  the  blue  lime- 
stone which  underlies  the  series  would  limit  it  below.   Seasons 
for  this  opinion  as  to  origin  may  be  found :  first,  in  the  strik- 
ing similarity  in  structure  between  the  lower  gypsum  and  the 
associated  drab  limestones,  both  having  the  same  highly  lam- 
inated charaeter,  while  both  the  lower  gypsum  and  the  northern 
ptrtof  the  upper,  are  also  distinctly   bedded;  second,. in  the 
structure  of  the  intermediate  bed,  containing  as  it  does  alternate 
lajers  of  gypsum  and  shale,  as  if  whatever  was  lime  in  an  im- 
pure shal^imestone  had  been  transformed  to  gypsum,  leaving 
the  remainder  unchanged ;    third,  in  the  presence  in  all  the 
gypsum  beds  of  native  sulphur  which  would  be  difficult  to 
account  for  on  any  theory  of  origin  which  should  not  include 
the  action  of  sulphuretted  waters;  fourth,  in  the  composition 
of  the  gypsum  itself,   which  is  gray,  and  like  the  limestones 
somewhat  impure,  containing  in  commercial  samples  an  average 
of  804  per  cent  of  lime  sulphate,  with  14  per  cent  of  earthy 
matter,  6  per  cent  of  lime  and  magnesian  carbonates,  and,  quite 
significantly,  .6  per  cent  of  lime  phosphate  and  organic  matter, 
these  last  ingreoients  suggesting  an  organic  origin,  while  the 
residual  lime  and  magnesia  point  to  the  probable  original  con- 
dition of  the  deposit     It  may  be  added  in  this  connection  that 
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• 

in  the  limestoDe  No.  1,  in  close  proximity  to  one  of  the  foaril 
localities  and  nearly  at  the  same  level,  occurs  a  small  isolfited 
mass  of  decomposed  gypsum  possibly  10  cubic  feet  in  dimen- 
sions, which  is  due  apparently  to  the  agency  of  a  small  sulphar- 
ous  percolation  now  extinct 

I  oelieve,  therefore,  that  the  structure  of  the  great  gypsam 
deposits  of  Cayuga  Go.  separates  them  sharply  from  those  exist- 
ing elsewhere  in  New  York  in  strata  of  the  Salina  Period ;  and 
that  their  association  with  limestones,  both  below  and  above 
them,  containing  fossils  of  the  lower  divisions  of  the  Loirer 
Helderberg,  as  well  as  the  nearly  uniform  character  of  the  rock 
series  from  the  lake  level  to  the  Oriskany  Sandstone,  vindicates 
for  them  a  place  in  the  lower  portion  of  the  Lower  Helderbttg 
in  which  I  include  the  Water  Lime  Group. 

A  word  in  conclusion  as  to  the  dip  of  the  strata  at  this  point 
It  will  be  seen  that  the  top  of  the  Lower  Helderberg  limestOQes 
in  the  line  of  section  is  110  feet  above  the  lake.  About  S^ 
miles  south  of  this  point,  these  limestones  disappear  beneitii 
the  lake,  giving  a  dip  of  more  than  40  feet  per  mile.  This 
corresponds  with  some  determinations  of  dip  published  in  this 
Journal,  October,  1883,  made  on  a  belt  fifty  miles  long  froa 
east  to  west,  and  from  six  to  ten  miles  wide,  lying  six  miles  aonth 
of  Union  Springs.  1  have  at  present  no  data  for  ascertaining 
whether  the  effective  dip  in  the  intermediate  space  corresponcS 
with  these  determinations. 


Art.  XXIX. —  On  the  variation  of  the  Magnetic  PermeabUUy^  '• 
Nickel  at  different  temperatures;  by  Qharles  A.  PERKINS.      ; 

In  the  year  1820  Oersted  published  his  discovery  of  the  ac- 
tion of  an  electric  current  upon  a  magnet  and  Arago  discovered 
that  the  current  would  magnetize  an  iron  bar.  The  same  year 
Ampere  proposed  his  theory  of  molecular  currents  to  explain 
both  phenomena.  Poisson  soon  after  elaborated  a  theory  based 
on  the  existence  of  magnetic  fluids,  but  the  tendency  has  always 
been  toward  the  acceptance  of  Amp&re's  hypothesis  and  later 
physicists  have  striven  principally  to  modify  and  enlarge  it,  to 
make  it  correspond  with  the  known  facts  of  magnetism. 

It  was  upon  this  as  a  basis,  that  Weber  constructed  his  theoiy 
assuming  the  exist^ce  of  molecular  currents  which  an  in- 
ductive force  could  so  arrange  as  to  produce  a  magnet,  while 
they  resisted  this  tendency  to  a  certain  degree. 

With  Maxwell's  additions  this  theory  gives  a  rational  formnlsL 
which  agrees  much  better  with  the  known  facts  than  do  many 
of  the  empirical  formulas  l\i«L\.Vi«kiN^\>^\i  Y^"V**^ 
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All  the  formulas  introduce  certain  constants  depending  on 
Aie  relation  between  the  magnetizing  force  and  the  magnetism 
prodaced,  to  find  the  value  of  which,  as  well  as  to  test  the 
ueoriee  themselves,  experiments  have  been  made  repeatedly. 

The  first  series  of  experiments  undertaken  in  a  really  scien- 
manner  are  those  made  by  Lentz  and  JacobL* 

The  method  employed  by  them  was  to  place  a  bar  of  iron  in 
t  helix  of  wire  and  to  pass  through  tnis  a  current  whose 
ilraDgth  was  measured  by  the  attraction  between  two  spirals 
through  which  it  passed.  The  magnetization  was  measured  by 
ibe  inauced  current  produced  in  a  coil  surrounding  the  iron  bar 
tod  the  magnetizing  spiral.  In  this  way  they  arrived  at  the 
Jesuit  that  the  total  magnetization  was  proportional  to  the 
strength  of  the  current. 

Joulef  discovered,  in  experimenting  on  the  strength  of  elec- 
tromagnets in  1839  and  1840,  that  he  could  not  indefinitely  in- 
emse  their  carrying  power  by  an  increase  in  the  current,  but 
that  it  approached  a  maximum  as  the  iron  became  "saturated."' 
He  also  clearly  stated  the  law  that  the  maximum  is  inde- 
pendent of  the  length  of  the  magnet  and  varies  directly  with 
the  smallest  cross-section. 

But  although  Joule's  experiments  established  the  fact  that 
the  magnetization  of  iron  was  not  proportional  to  the  current 
strengtn,  yet  the  principle  was  already  stated  in  a  paper  by 
Bitchie|  in  1833,  six  years  before  the  publication  of  Lentz  and 
Jacobins  results. 

He  made  use  of  two  horse-shoe  electromagnets  of  very 
different  lengths  and  an  armature,  all  of  the  same  metal     Then 

EQtting  a  different  number  of  coils  of  wire  about  each  magnet, 
e  connected  both  at  the  same  time  with  a  battery  and  found 
the  shorter  one  had  twice  the  power  of  the  longer.  Then 
keeping  the  connections  the  same  he  joined  a  larger  battery  and 
£mnd  tnat  the  long  magnet  had  increased  in  proportion  much 
more  than  the  short  one.  He  states  that  this  is  because  the 
particles  in  the  short  magnet  were  arranged  by  the  first  current 
m  the  position  to  give  the  best  effect,  so  that  the  stronger  one 
could  not  add  much  to  it. 

PIucker§  found  in  1848  that  bodies  which  at  a  distance  were 
attracied  by  a  magnet  were  repelled  when  brought  very  close. 
This  was  true  of  charcoal  and  a  number  of  organic  substances. 
This  was  ascribed  by  him  to  the  different  rate  of  increase  in 
magnetization  as  the  magnetizing  force  ir)creased,  and  proved 
not  only  that  the  magnetization  was  not  proportional  to  the 
force  but  that  it  might  be  entirely  reversed. 


*Pogg.  Ann.,  vol.  xlvii,  1839. 
PhiL  Mag.,  [4],  vol.  ii,  1851.     Annals  of  Elec,  vol.  iv.  1839. 
FbU.  Trans,,  vol.  axxiu.  g  Pogg.  Ann.,  1^4%. 
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Three  years  later,  Faraday*  in  attempting  to  olassify  magnetb 
substances :  glass,'  water,  etc.,  foand  that  the  order  was  different 
at  different  distances  from  the  magnet,  showing  that  the  increase 
of  magnetization  was  not  directly  as  the  magnetizing  force  and 
that  the  law  was  different  for  different  materials. 

In  1849  Miillert  undertook  an  extensive  series  of  experiment! 
fully  establishing  the  fact  that  the  magnetization  of  iron  was  a 
complicated  function  of  the  magnetizing  force  and  proposed  tbe 

equation  1=220(2^  tan  .^^^^  as  sufficiently  representing  the 
experiments.     Hismethoa  consisted  in  observing  the  deflection 
of  a  needle  by  a  bar  of  iron  magnetized  by  a  helix  throagb  ; 
which  a  measured  current  was  passed.  i 

In  1852  W.  WeberJ  stated  his  theorv  of  induced  magnetism  J 
and  proposed  an  equation  based  upon  the  same.     He  also  made  J 
experiments  to  find  the  connection  between  the  theory  and 
observation.     The  method  employed  by  him  was  the  deflee* 
tion  of  a  needle  by  a  long  thin  rod  closely  surrounded  by  i 
spiral  which  extended  also  l)eyond  the  rod.     The  magnetizing : 
current  was  measured  and  its  force  calculated  so  that  the  whokl 
might  be  reduced  to  absolute  measure.     He  found  a  fair  agres- , 
ment  with  the  theory  and  determined  the  maximum  magnetiza 
tion  possible  for  iron. 

Beetz§  in  1860  showed  most  conclusively  that  iron  had t 
maximum  magnetization  and  he  perhaps  approached  it  as  nearij 
as  is  possible.  A  tine  line  was  made  on  a  varnished  silver  wire 
and  iron  deposited  electrolyticallv  while  under  the  influence  of 
a  magnetizing  force  and  thus  the  molecules  were  so  arraogoi 
as  to  give  the  greatest  effect.  In  this  way  a  high  degree  of 
permanent  magnetization  was  given  to  the  filament  of  pure  iron 
and  a  stronger  magnetizing  force  only  served  to  slightly  increase 
the  temporary  magnetization. 

More  recent  experiments!  have  showed  that  the  law  of  varia- 
tion proportional  to  the  current  was  not  true  even  for  weak 
currents,  the  increase  being  at  first  more  rapid,  then  less  so, 
than  this  law  would  allow.  This  was  most  noticeable  in  the 
experiments  of  Quintus  Icilius^  to  which  attention  was  forcibly 
called  by  Stoletow  in  a  paper  which  appeared  in  Pogg.  Ann., 
vol.  cxlvi.  Instead  of  a  cylindrical  bar  he  used  a  very  long 
ellipsoid,  thus  avoiding  the  error  of  distribution  neglected  by 
his  predecessors.  The  magnetism  was  measured  by  the  direct 
action  on  a  needle  or  by  the  induced  current  produced  in  a  helix 
about  the  inducing  spiral. 

Stoletow's  paper  contains  valuable  discussions  of  previous  ex- 
periments and  important  results  obtained   by   himself.    The 

♦  Exp.  Res.,  vol.  ui,  p.  503,  1851.  f  Pogg.  Ann,,  vol.  Ixiii. 

/?o^%.  Ann.,  vol.  Ixxxvii.  ^  Po^.  Ann.,  voL  dii. 

Wiedemann  Galvanismus,  vo\.  \\,  p.  ^^Q.  *  ^^s^«  K3»a^.,^^.^asi^ 
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method  used  by  him  was  saggested  and  developed  by  Kircbboff^ 

in  1870,  and  consisted  in  magnetizing  a  rin^  of  metal  by  a  coil 
about  its  entire  length  and  then  measuring  the  current  pro* 
doced  in  a  secondary  coil  when  the  primary  current  was  re- 
Tersed.  This  method  possesses  decided  advantages  over  all 
previously  used  in  important  particulars  and  is  capable  of  giv- 
ing results  of  great  regularity.  He  arrived  at  results  similar  to 
those  of  Icilius,  but  found  certain  irregularities  for  which  he 
was  not  able  to  account. 

The  same  year  Prol  Bowlandf  had  made  experiments  using 
the  same  general  method,  but  introducing  various  modifications. 
Ad  earth  inductor  was  placed  in  the  secondary  circuit  by  which 
the  iuduced  currents  could  be  directly  compared  with  those 
produced  by  a  coil  rotated  under  the  influence  of  the  earth's 
action  and  thus  reduced  immediately  to  absolute  measure.  In 
the  same  circuit  was  included  a  small  coil  of  wire,  sliding  upon 
a  magnet.  By  the  motion  of  this  coil  the  galvanometer  needle  is 
under  perfect  control  and  can  be  instantly  stopped  at  the  middle 
>f  the  scale.  He  wound  the  primary  coil  directly  upon  the 
ing,  while  in  Stoletow's  experiments  wooden  rings  were  placed 
oside  the  coil. 

Rowland  also  suggested  plotting  the  results  with  respect  to 
he  magnetization  and  the  magnetic  permeability  as  coordinates, 
hus  obtaining  a  curve  which  gave  a  definite  value  for  the  maxi- 
lom  magnetization  possible. 

The  results  reached  by  him  in  the  experiments  on  iron  were 
8  follows  : 

For  weak  forces  all  the  magnetism  is  temporary. 

The  value  of  the  permeability  rises  very  rapidly  at  first, 
eaching  a  maximum  vvhen  the  magnetization  has  the  value 
3=6000  and  then  diminishes,  approaching  0  as  93=17500. 
Dhi^,  therefore,  is  about  the  maximum  magnetization  of  ordi- 
lary  iron,  giving  a  sustaining  weight  of  354  lbs.  per  square 
ncQ  of  least  cross  section. 

(This  is  in  C.  G.  S.  units.     The  original  results  were  on  the 

M.  Q.  S.  system,  and  as  the  dimensions  of  93  are  [L~«M^T""*], 
the  original  figures  are  to  be  divided  by  ten.  (x  is  of  zero 
dimensions.) 

The  curve  in  form  resembles  a  slightly  inclined  parabola,  but 
18  more  accurately  represented  by  the  equation 


oAnK    '    /93  +  l-094/i  +  600\ 


In  some  experiments  the  curve  finally  became  cur  vex  toward 
the  axis,  which  was  ascribed  to  unhomogeneity  in  the  ring  but 

*Pogg.  Ergz.  Bd.,  vol.  v.  f  P^i'-  M««»  August,  1873. 
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may  have  been  due  to  a  departure  from  the  above  law  wh 
takes  place  on  approaching  the  limit. 

The  same  thing  had  since  been  observed  by  Fromme,  « 
made  use  of  the  same  method  and  ascribed  the  result  to  i 
latter  cause. 

In  these  experiments  Rowland  also  investigated  the  magn 
ism  of  nickel  and  a  law  for  the  variation  of  fi  was  disoovei 
similar  to  that  holding  in  the  case  of  iron.  More  recent! 
he  has  made  further  experiments  on  nickel  and  has  add 
cobalt  to  the  list  of  substances  following  the  same  general  la 
On  account  of  the  difficulty  of  procuring  these  metala  in  a  pa 
condition,  fewer  experiments  have  been  made  with  them  thi 
with  iron,  but  the  results,  as  far  as  found,  agreed  with  the 
for  iron. 

In  1853  Pliickerf  experimented  on  a  large  number  of  bodi< 
and  although  the  experiments  were  complicated  by  using  \ 
electro* magnet  as  the  magnetizing  force,  he  attempted,  as  far 
possible,  to  eliminate  this  effect  by  using  the  law  of  increase 
the  case  of  iron.  Only  a  few  points  were  determined  to  fix  tl 
curve  of  magnetization,  but  the  results  found  showed  that  i 
the  substances  experimented  on  approached  a  definite  mu 
mum  which  for  iron,  nickel  and  cobalt  was  relatively :  Fe  IOC 
Co  918,  Ni  322,  values  which  are  in  very  good  agreement  wi 
those  since  found. 

Arndtsen:]:  also,  using  Weber's  diamagnetometer,  found  th 
nickel  soon  approached  a  maximum  magnetization  and  redo 
ing  the  values  to  absolute  measure  stated  that  for  very  wei 
magnetizing  forces  the  magnetism  of  nickel  was  five  times  th 
given  by  W  eber's  formula  for  iron. 

All  the  experiments  above  mentioned  were  made  at  ordinal 
temperatures,  but  Faraday§  found  that  by  heating  in  olive  o 
the  electro-magnetic  properties  of  iron  were  haraly  change 
Nickel  suflFered  a  considerable  decrease,  while  cobalt  increaa 
in  heating. 

The  later  experiments  by  Bowland,  referred  to  above,  we 
made  especially  with  reference  to  this  point  and  show  a  ve 
interesting  property  of  nickel,  viz:  that  for  weak  magneti 
ing  forces  its  permeability  is  much  increased  by  heating  fro 
15  to  220°  Centigrade,  while  for  stronger  forces  it  is  decrease 
The  efiect  on  iron  is  slight  and  cobalt  has  its  permeability  i 
creased  for  all  magnetizing  forces  used,  showing  the  accura( 
of  Faraday *8  conclusions. 

More  recent  experiments  by  Fromme,  Riecke,  Ettinghause 
and  others  have  confirmed  the  accuracy  of  these  conclusioi 
and  at  the  same  time  have  developed  new  facts  in  relation  t 
the  subject 

♦Phfl.  Afag.,  November,  1814.  \^^«&.  Kt^t^.^-^^.-xsa. 
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Fromme*  has  shown  that  by  repeatedly  magnetizing  in  the 

■me  direction,  the  permanent  magnetism  of  an  iron  bar  is 

laeicased,  while   the  total  magoetism  is  not  much  altered, 

ling  with  Maxwell's  idea  of  a  force   which  causes  a 

leoule  to  return  to  the  position  from  which  it  has  been  dis- 

by  the  magnetising  force,  unless  the  force  exceeds  a 

amount. 

In  1880  Wassmuthft  in  a  research  on  the  effect  of  heat  on 

magnetisation  coefficient  of  iron,    found  that  for  weak 

it  was  increased  by  heating  from  20^  to  146^,  but  it 

a  maximum  sooner  and  the  maximum  magnetization 

IS  less  by  about  three  per  cent. 

Bus  result  corresponds  to  that  found  by  Bowland  and  shows 

thai  the  diff(Mrence  between  this  metal  ana  nickel  is  only  one  of 

dnee. 

Bauer  %  &l^i  using  both  a  ring  and  a  bar  of  iron  and  meas- 
■fing  the  induced  current  produced  by  reversing  the  mag- 
t0amm^  found  that  the  same  law  continued  at  much  higher 
iMDiperatares.  For  weak  magnetizing  forces  the  coefficient 
rins  rapidly,  reaching  a  maximum  as  the  metal  becomes  red 
bol  and  then  rapidly  falls. 

Following  the  suggestions  made  in  Rowland's  paper,  the 
present  series  of  experiments  upon  nickel  was  undertaken  with 
a  Tiew  to  secure  complete  curves  at  a  number  of  temperatures, 
ahowinjg  the  relation  between  the  permeability  and  the  mag- 
netization, and  thus  if  possible,  determine  the  law  by  which  it 
elMinged  on  passing  from  one  temperature  to  another. 

The  rings  used  were  from  commercial  rolled  nickel§  and 
therefore  not  as  pure  as  those  u:ied  by  Bowland.    Still  they 
were  q^uite  pure,  as  a  chemical  examination  showed. 
Their  physical  and  chemical  proporties  were  as  follows : 

Spec.  Cross        Mean 

gray.       Weight         sec.  diam. 

Contain  sotne  C  and  Si. 
A  small  precipitate  was 


produced  by  H,S. 
Oontain  no  Co  or  Fe. 


I.      8-731      84-865      '196        6440 
n.      8-746      25-514      '198        4696 
in.      8-394        7-814      -0624      4*427  j 

Rings  I  and  II  were  from  the  same  pieca  Before  using 
they  were  carefully  annealed  by  heating  to  redness  in  a  cruci- 
ble filled  with  sand,  which  was  allowed  to  cool  as  the  fire  died 
oat 

As  the  temperatures  employed  were  so  high  as  to  destroy 
ordinary  insulation  the  rings  were  covered  with  a  thin  layer  of 
asbestos  paper,  then  a  coil  of  wire  was  wound,  then  another 

*Pogg.  Ergzbd.,  vol  vii.  X  ^'^^'  ^^^  Phys.  u.  Chem.,  vol.  xi. 

^Sitzb,  der  ir.  Akad,  vol  lixxii.  g  Made  by  Wharlon,  P\i\\«A«>\v\s:wii. 
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layer  of  asbestos,  etc.,  by  whicb  means  an  insulation  was  pro- 
duced whicb  was  not  affected  by  beating  to  a  red  beat 

Tbe  primary  coil  was  in  two  layers,  and  as  the  second  layer 
was  not  wound  immediately  upon  tbe  ring,  a  certain  error  was 
introduced,  the  magnetism  being  apparently  increased  by  an 
amount  which  was  in  one  case  ^,  and  varied  from  this  to  yfy, 
but  in  rings  I  and  II  it  in  no  case  exceeded  -^hr.  Whenever 
it  did  so  in  ring  III  a  correction  was  made. 

The  magnetizing  current  was  measured  by  a  tangent  gal* 
vanometer  constructed  by  Bowland.  Its  constants  were  com- 
puted from  its  dimensions.  The  circle  was  21  cm.  in  diameter 
and  graduated  to  quarter  degrees.  Six  coils  were  used,  each 
containing  about  three  times  as  many  turns  as  tbe  next  pre- 
ceding. From  six  to  twenty-four  cells  of  Bunsen  chromic  acid 
battery  furnished  the  current,  which  was  further  modified  bj 
the  introduction  of  a  variable  resistance. 

The  galvanometer  for  measuring  the  induced  currents  had  a 
sensitively  adjusted  astatic  needle  whose  directive  force  was 
given  by  a  magnet  placed  below.  It  had  a  period  of  about 
nine  seconds,  and  was  deflected  by  one  turn  of  the  earth  in- 
ductor through  nearly  four  degrees.  It  was  read  by  a  tele- 
scope and  scale  one  meter  distant.  The  earth  inductor  was 
introduced  for  the  purpose  of  comparing  the  induced  current 
with  one  of  known  strength  and  the  winding  included  a  total 
area  of  20,716  sq.  c.  m.  It  was  adjusted  in  a  plane  perpen- 
dicular to  the  magnetic  meridian  and  could  be  turned  through 
an  arc  of  180°.  As  in  Eowland*s  experiments,  a  coil  of  wire 
sliding  upon  a  magnet  was  introducea  into  the  circuit,  to  con- 
trol the  vibrations  of  the  needle. 

The  ring  was  placed  in  a  bath  of  kerosene  for  low  tempera- 
tures, for  100°  in  one  of  paraffine  and  heated  in  a  steam  bath. 
At  higher  temperatures  it  was  placed  in  an  oil  bath  which 
was  designed  for  the  comparison  of  thermometers  at  high 
temperatures.  This  was  made  of  very  heavy  copper  castings 
and  held  several  liters  so  that  its  temperature,  when  kept  up 
by  a  Bunsen  burner,  would  remain  constant  for  a  long  time, 
rarely  varying  more  than  four  or  five  degrees  during  the  ex- 
periment which  usually  took  several  hours.  The  temperature 
was  determined  by  a  mercury  thermometer. 

The  course  of  each  experiment  was  as  follows: 

The  current  was  allowed  to  run  for  some  minutes  through  a 
shunt  circuit  of  about  the  same  resistance  as  the  ring,  thea 
turned  through  the  ring  and  the  readings  of  the  tangent  gal- 
vanometer made. 

Then  the  deflections  of  the  mirror  galvanometer  by  the  ia- 
duced  currents  were  measured,  four  readings  being  taken  for 
the  temporary  magneUsm  ax\d  loxxx  \ot  \\\^  xaX'^iX,  ^^^xi^w^^k^-^T 
measurement  of  the  primary  cMxt^tvX.  ^^^xj\^\^. 
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In  the  case  of  very  strong  currents  which  would  heat  the 
Qg  rapidly  the  measurements  of  temporary  magnetism  were 
nitted  and  the  tangent  galvanometer  reading  was  taken  be- 
reen  the  measurements  of  the  induced  current  In  measur- 
ig  the  temporary  magnetism,  the  current,  instead  of  being 
roken,  was  turned  into  the  shunt,  so  that  the  battery  strength 
lould  remain  constant. 

Beadings  of  the  thermometer  were  made  before  and  after 
loh  observation  and  the  deflection  produced  by  the  earth  in- 
aetor  was  taken  each  time,  though  in  most  of  the  experiments 
lis  was  so  uniform  that  the  mean  of  all  the  values  was  taken 
I  the  true  value. 

Since  the  rings  used  in  this  experiment  were  of  rectangular 
Ktion,  the  solution  given  by  Kirchhoff  does  not  accurately 
old,  but  the  theory  is  equally  simple. 

iet  8  =  magnetic  induction  through  unit  area. 

/i  =  magnetic  permeability. 

H  =  honzontal  component  of  earth^s  magnetism  at  the  earth 
mductor. 

H'  =horizontal  component  of  earth's  magnetism  at  tangent 
galvanometer. 

i    =  intensity  of  the  primarv  current. 

A  =  total  area  included  by  the  earth  inductor. 

A'  =  area  of  the  section  of  the  ring. 

n  =  whole  number  of  windings  about  the  ring  in  the  pri- 
mary circuit. 

n'  =  whole  number  of  windings  in  the  secondary  circuit. 

Q  =  current  due  to  reversing  earth  inductor. 

Q'  =  current  due  to  reversing  magnetism  of  the  ring. 

5  =  deflection  of  galvanometer  produced  by  Q'. 

y  =  deflection  of  galvanometer  produced  by  Q. 

R  =  mean  radius  of  the  ring. 

Then  the  magnetic  induction  at  any  point  in  the  ring  is 
— -  and  the  total  induction  through  any  section  is : 


'''*>*/.^R=S*' 


where  p  is  the  distance  of  any  point  from  the  axis  of  the  ring 
and  a  and  h  are  the  sides  of  the  rectangular  section. 
The  value  of  the  integral  is 


R+? 


,  2        a  /       ,    a'  a*  \ 
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The  value  of  the  second  term  of  the  series  never  reach 
^  in  the  rings  used  and  hence  is  entirely  imperceptible. 

Q  a2AH  =C  sin  J^' 

Q'a2n'A'»a  l^^^^'-C  sin  5 

Xv 

1=^  tan  o 

sin  5  _  2nn>  A'  H'  tan  6 
sin  5'  ^     R     A   H      G 

_      R_  A  H      G     sin  5 

•'•^""*  nn'  A'  H'tan  <J  sin  J^' 

,  ^       HA  sin:^ 

and  so  =  —TTi  —' — 57 
n  A  sm  ^ 

All  measurements  given  in  this  paper  are  in  C.  G.  S.  units. 
The  values  of  some  of  the  quantities  used  in  the  experimeal 
are  as  follows : 

H  =   1873 

H'  =  -1883 

The  values  of  n  are 

Ring     I    205 
Ring   II     188 

Ringm|;j2 

To  vary  n',  several  sets  of  coils  were  wound  about  each  rin 
containing  from  eight  to  ninety-five  turns,  according  to  th 
currents  used  and  the  cross  section  of  the  ring.  The  dififerei 
coils  in  the  same  ring  were  of  the  same  resistance,  but  an 
slight  changes  in  the  adjustment  would  be  eliminated  by  tl 
earth  inductor. 

In  one  case  the  ring  was  cooled  to  —17®  by  means  of  i( 
and  calcium  chloride,  out  the  change  produced  by  this  was  \ 
small  that  it  was  not  considered  worth  doing  in  the  othi 
casea 

The  results  obtained  for  the  three  rings  were  as  follows 
(//j  is  the  permeability  for  temporary  magnetism  and  /ii+,  f^ 
total.) 
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Tabub  L- 

• 

-Ring  No.  L 

T«mpemitra=22*. 

Temperatiire=r  100**. 

Tenperaiure= 205^ 

H 

^i+« 

8 

/*! 

/*!+« 

8 

A'l 

A'l+t 

8 

80- 

83-9 

29-2 

106- 

10' 

68- 

127- 

141- 

87-2 

u- 

u- 

33-4 

118- 

16( 

563- 

148- 

202- 

559- 

83* 

109- 

278- 

125- 

17f 

724- 

149- 

240- 

977- 

91 

149- 

593- 

120- 

21' 

1720- 

138- 

250- 

1790- 

98- 

199- 

1460- 

116- 

20^ 

2400- 

130- 

228- 

2280- 

103- 

200- 

2180- 

107- 

18' 

2890- 

117- 

188- 

2960- 

100- 

194- 

2610- 

94- 

15] 

3710- 

100* 

150- 

3580- 

90* 

165- 

3700- 



100* 

4940- 

M     «     «k    M 

131- 

3880- 

•  ••• 

102* 

5260- 









97-4 

4370- 

!rRDperetcire=5262*'. 

Temperature= 314**. 

Temperature  high. 

^1 

^1+1 

8 

f^\ 

/*!+« 

8 

.'*!+» 

8 

\iV 

166- 

90- 

5 

185. 

205- 

.    93-9 

169* 

3120- 

168- 

243* 

688- 

210- 

353- 

677- 

132- 

3580- 

173- 

278- 

906- 

197- 

359- 

1050- 

170- 

2920- 

160* 

291- 

1400- 

173- 

319- 

1360- 

123- 

3300- 

144- 

246- 

2170- 

137- 

209- 

2080- 

133- 

2900* 

121- 

189* 

2850- 

109- 

154- 

2360- 

103- 

2820- 

97- 

140- 

3300- 

78- 

104- 

2460- 

117- 

2120* 

•  •  •  • 

111- 

3630- 

85- 

2490- 

63-1 

1780* 

84-1         3690- 



W     *     M     W 

23-6 

428* 

•  •  •  • 









5.9 

107* 

See  plate  (p.  229)  figare  1  where  the  continuous  lines  corres- 
pond to  the  total  magnetism,  and  the  broken  lines  to  the  tem- 
porary. The  points  For  the  different  curves  of  temporary  mag- 
netism, have  distinctive  marks. 


Table  n. — Ring  No.  11. 


Temperature 

=21'. 

Temperat;ure= 100*. 

Temperature = 

\9V, 

Ml 

h+* 

8 

i^i 

f^i+t 

8 

f^i 

f^i+t 

8 

M- 

63*9 

49*6 

87. 

90-5 

59-3 

111- 

114* 

70-7 

66- 

726 

137* 

92- 

126* 

402- 

118* 

165* 

485* 

71- 

93* 

303* 

98* 

157* 

806- 

120- 

208- 

850* 

79- 

136* 

710* 

99- 

184- 

1570- 

119* 

209- 

1730- 

et- 

168- 

1460* 

98- 

176- 

2150- 

113- 

194* 

2210- 

86* 

164- 

2050- 

93- 

168- 

2790- 

102- 

163- 

2810- 

83* 

147- 

2710- 

81- 

126- 

3820- 

84* 

119- 

3660- 

78* 

125* 

3030* 



84-1 

4910- 

81- 

119- 

3710* 

— 

83- 

5090- 



M     a     «k     «k 





80-1 

4420- 

Tem] 

peratures 

269'. 

T 

emperatur 

e=298'. 

Ml 

Mi+a 

« 

f^i 

t^i-^t 

8 

126- 

128* 

41-3 

140. 

161- 

60-3 

129- 

160- 

163- 

161- 

184- 

186- 

138- 

215- 

560- 

157* 

273- 

759- 

US- 

235- 

844- 

155- 

275- 

] 

1050- 

UI- 

248- 

1110- 

151* 

268- 

1 

1230- 

127- 

222* 

I860- 

124* 

218- 

1 

1820- 

lU- 

184* 

2390- 

110- 

169- 

L^SQ- 

80'    1 

IJO'          1 

3350'         \         77-      I 

104- 

\ 

1^^^* 

.... 

/ 

83-9        / 

3620 

•                       1 

....    1 

69-^ 

i 

1^\^* 

288     C.  A.  Perhins — Magnetic  PermeabiUiy  of  NicJu 


Table  m.— Ring  No.  m. 


Temperature = — 1 7  *. 

Temperature = 1 5*. 

Temperatures 

\^i 

/*!+> 

e 

/*! 

/*!+■ 

8 

/*» 

;«i-n 

58- 

63-3 

92*4 

69* 

83-2 

117* 

127- 

143* 

69- 

106- 

378* 

80- 

135- 

438* 

139* 

212* 

78- 

165- 

970* 

96* 

193* 

1120- 

162* 

248* 

87- 

201- 

2070* 

105* 

217* 

2290- 

139* 

259* 

91- 

192- 

2820* 

104* 

200* 

3040* 

130* 

219* 

87* 

166- 

3580* 

103- 

206* 

2860* 

113* 

186* 

73- 

129- 

4320* 

100* 

178* 

3680* 

90* 

139* 

60- 

100- 

4670- 

80* 

130* 

4320* 

70* 

105- 

37- 

58*2 

5280* 

67* 

106* 

4640* 

42* 

59*4 

.... 

•  ••• 

m  m  m  ^ 

42* 

62*1 

5220* 

w   «   «k   M 

.... 

Temperatures 

210'. 

Temperatures  300*. 

i^x 

;«i+« 

e 

;«i 

/<»+« 

191- 

191- 

139- 

268* 

271- 

187- 

227- 

339* 

245* 

349* 

197- 

266- 

727* 

245* 

388- 

1 

190- 

295* 

1890- 

218* 

337* 

1 

176- 

286* 

2300* 

169* 

274* 

2 

161' 

246- 

2800* 

158* 

226* 

1 

111- 

167- 

3740* 

83- 

113- 

2 

100' 

139- 

3890* 

«  •  «  « 



. 

64- 

68-3 

3800* 

*•>•«» 



- 

Ring  III  was  re-wound  between  the  third  and  fourth  < 
ments,  and  owing  no  doubt  to  a  contact  in  the  primai 
the  later  values  of  /x  were  too  small.  In  the  fourth  an 
series,  as  given  in  the  table,  /x  is  multiplied  by  1^.  C 
accTount  these  experiments  are  of  less  value,  but  the  errc 
not  affect  the  determination  of  the  maximum  value  ol 
given  later. 

The  last  series  in  table  I  was  taken  at  varying  tempei 
above  the  previous.  To  secure  this  the  ring,  properlj 
lated,  was  placed  on  a  plate  of  copper  in  a  brass  vess 
sand  piled  upon  it.  The  whole  was  then  heated  slow] 
at  intervals  very  rapid  observations  were  made  of  the 
netic  condition  of  the  ring,  and  this  was  continued  t 
metal  was  nearly  non-magnetic.  The  points  thus  foui 
indicated  on  the  diagram.  At  the  end  the  bottom  of  the 
seemed  slightly  red. 

An  examination  of  the  curves  shows — 

I.  A  rise  nearly  in  a  straight  line  at  first  and  more  ra 
the  temperature  is  higher. 

IL  A  sharp  curvature,  the  sharper  as  the  temperat 
higher. 

III.  A  descent  which  also  is  more  abrupt  as  the  tempe 
rises. 

Thert  was  a  limit  lo  the  exl^wx.  \.o  ^\\\^Vi  \.\i^  cMrcent 


t 
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>e  increased  on  account  of  the  heating  of  the  ring.  In  one  or 
;^o  cases  where  a  strong  current  was  used  this  effect  was  so 
marked  that  a  smaller  value  of  9  was  found  for  tbe  stronger 
current  than  for  the  weaker,  which  could  not  be  due  simply  to 
the  increase  of  the  magnetic  field. 

The  latter  part  of  the  curves  is  a  nearly  straight  line,  and 
wben  this  is  prolonged  to  cut  the  axis  it  gives  the  value  which 
9  approaches  as  a  maximum  for  all  maj^netizing  forces  here 
ivauable.  It  is  to  be  expected  that  the  form  of  tne  curve  will 
cbaDge  as  it  approaches  tne  axis,  to  which  it  no  doubt  becomes 
finally  parallel,  since  fi^\  for  non-magnetic  bodies,  and  in  no 
known  case  is  as  low  as  zero. 


1. 


2. 


1000 


3000 


93 


5000 


7000 


Such  an  inflection  was  observed  in  the  curve  for  iron  by 
Bowland  and  by  From  me,  as  before  stated. 

Faraday*  also  found  that  at  very  high  temperatures  nickel 
still  possessed  the  power  of  being  attracted  by  his  electro-mag- 
net, 80  that  it  is  doubtful  whether  the  curve  crosses  the  line 
//=!. 

But  although  93  may  never  reach  a  maximum,  yet  the  quan- 
tity found  by  prolonging  the  curve  to  the  axis  gives  the  law  of 
the  change  of  93  with  varying  temperatures  and  is  the  highest 
value  of  93  that  can  be  reached  by  ordinary  magnetizing  forces, 

*  Exp.  Res.,  voJ.  iii,  p.  55. 
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the  metal  becoming  practically  non-magDetic  in  this  neigh 
hood. 
The  values  thus  found  for  these  rings  are  given  here : 


93, 

8230 

7250 

6020 

4810 

3300 

temp., 

22° 

100° 

206° 

262° 

314° 

93, 

7820 

7180 

5950 

4740 

3820 

temp., 

21* 

100° 

197* 

269° 

298° 

93, 

6860 

5860 

5660 

5000 

3200 

temp.. 

-17* 

15« 

100° 

210° 

300° 

n 
III 

It  will  be  seen  that  the  values  for  rings  I  and'  II  are 
nearly  equal  as  can  be  determined  by  this  method,  and  tl 
are  therefore  shown  on  the  same  curve  where  the  values  fou 
for  ring  I  are  indicated  by  the  crossed  circles.  Those  for  ri 
in  vary  somewhat  less  rapidly  and  lie  constantly  below  1 
others. 

This  difference  seems  to  belong  to  the  metal  itself,  as  it  v 
be  seen  on  examination  of  the  curves  for  the  rings  that  \i 
ring  III  goes  down  more  rapidly  than  the  others,  though 
rises  to  the  same  height  as  ring  I  and  higher  than  ring  II 
the  maximum  point. 

If  this  curve  be  continued  it  must  not  be  allowed  to  m 
the  axis  at  a  large  an^le,  since  this  would  indicate  that  1 
ring  resisted  infinitely  the  passage  of  the  lines  of  force,  but 
must  nearly  coincide  at  the  last  part  with  the  curve  represe 
ing  $,  the  magnetizing  force. 

This  has  been  shown  to  be  true  by  some  observations  ms 
by  A.  Becquerel.  H.  Becquerel^  states  that  in  some  unpi 
lished  experiments  his  father  found  that  nickel  is  still  sligh 
magnetic  when  heated  to  about  600®,  though  only  about  -^ 
as  much  so  as  at  ordinary  temperatures.  Faraday's  obser 
tions  indicate  the  same  thing. 

The  additional  series  made  with  ring  I  shows  that  the  chai 
is  continuous  beyond  the  points  indicated  in  the  diagram. 

The  tables  given  for  fi  and  93  include  also  the  perraeabil 
for  temporary  magnetism,  the  curves  of  which  are  drawn 
the  same  diagramf  with  the  total  permeability.     (Fig.  1.) 

The  permanent  permeability  may  be  readily  found  by  si 
tracting  one  of  these  from  the  other. 

These  results  are  not  nearly  as  regular  as  the  others  beca 
the  temporary  magnetism  varies  with  many  circumstani 
depending  on  the  amount  and  direction  of  previous  magnet 
tion  and  on  the  number  of  times  the  magnetism  has  b 
reversed.  . 

If  the  ring  has  previously  been  strongly  magnetized  the  f 
few  reversals  cause  a  greater  change  of  magnetism  than 
subsequent,  and  the  same  is  true  for  temporary  magnetism. 

•  Ann.  de  Chimie  et  de  T?\i^a.  \\Ti\swJtJWjL'^«as^. 
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Also,  if  the  ring  has  been  for  some  time  magnetized  in  one 
lirection  the  temporary  magnetism  in  this  direction  is  less  than 
(D  the  opposite  by  an  amount  reaching  twenty  per  cent  in 
lome  cases,  thus  presenting  an  analogy  to  the  so-called 
^  btigne  "  of  metals  ander  strain.* 

The  carves,  however,  serve  to  show  that  at  the  first  all  Uie 
Bagnetism  is  temporary.  The  permeability  rises  to  a  maxi- 
mam  at  about  the  same  place  as  that  of  total  maffnetization, 
then  falls  less  rapidly  and  approaches  the  total,  though  it  is 
evident  that  it  can  never  reach  it,  since  the  permanent  mag- 
Mtism  cannot  be  less  for  a  high  magnetizing  force  than  for  a 
fewer  at  any  given  temperature. 

Il  is  to  be  noticed  that  the  magnets  used  have  no  free  poles. 
Hence  the  transient  nature  of  the  magnetism  is  due  to  the 
itractural  properties  of  the  material  and  not  to  any  demagnet- 
isDg  influence  of  the  poles. 


Art.  XXX. — Bnlargementa  of  Hornblende  Fragments  ; 

by  C.  R  Van  Hisb. 

[Publiflhed  by  permission  of  the  Director  of  the  IT.  S.  Geological  Snrrej.] 

The  nature  of  the  process  or  processes  by  which  frag- 
mental  rocks  have  become  indurated  is  a  question  of  great 
interest.  The  enlargement  of  ^ins  of  quartz,  as  first 
described  by  Sorby,t  in  1880,  has  since  been  shown j:  to  explain 
in  large  measure  the  consolidation  of  quartzose  sandstones  to 
qotrtzites.  This  enlargement  consists  in  the  deposition  of 
silica  about  rolled  grains  of  quartz,  the  new  silica  being  opti- 
cally continuous  with  the  old  grains,  or  in  other  words  form- 
iDS  with  each  of  the  original  fragments  a  single  quartz 
individual.  The  secondary  growth  of  rolled  grains  of  feldspar 
in  feldspathic  sandstones  in  a  corresponding  manner,  i.  a,  the 
addition  of  feldspar  to  rolled  grains  of  feldspar,  the  two  being 
parts  of  the  same  individuals,  was  also  announced  by  me  some 
time  since,  §  since  which  time  the  study  of  many  sections  of 
feldspathic  sandstones  from  various  localities  has  made  it  cer- 
tain that  fragmental  particles  of  feldspar  frequently  enlarge  by 
renewed  growth  just  as  do  grains  ot  quartz.  It  would  seem 
tbtt  the  enlargement  of  feldspar  fragments  plays  an  important 
part  in  the  consolidation  of  many  feldspathic  fragmental  rocks. 

*  Rigfai  has  obsenred  the  same  effect  (Beibl.  vol.  v),  and  it  is  also  similar  to  the 
obwrratioii  of  Fromme  in  the  case  of  repeated  magnetization  (p.  223). 

I  Proc  Geol.  Soc.  London,  1880,  p.  62. 

I  R.  D.  Inring,  Am.  Jour.  Sci.,  June,  1883.  R.  D.  Irving  and  C.  R.  Van  Hise 
inBuD.  U.  S.  Geol.  Sur.,  No.  8,  1884. 

j^  Am,  Joar.  Sd.,  111,  xxvii,  May,  1884, 
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Hornblende  is  one  of  the  most  important  of  the  remaii 
rock-forming  minerals.  The  object  of  the  present  paper  i 
describe  briefly  some  unmistakeable  enlargements  of  h< 
blende  fragments  that  I  have  recently  met  with  in  studj 
certain  peculiar  conglomerates  under  the  direction  of  Profee 
B.  D.  Irving. 

At  Ogishke  Muncie  and  Cacaquabic  lakes,  in  the  northe 
em  part  of  Minnesota  (T.  66  N.,  R  6  W.,  and  T.  66  N.,  i 
W.),  occurs  a  great  belt  of  conglomerate  forming  part  of 
Archaean  schists  of  that  region.  The  following  extracts  fr 
field  notes  by  Mr.  W.  M.  Chauvenet,  of  the  if,  S,  Geologi 
Survey,  are  descriptive  of  this  conglomerate:  On  Ogisl 
Mnncie  *Uhe  great  conglomerate  formation  or  bed  shows 
apparent  dip  or  strike,  but  massive  walls  of  green  color  w 
joints  and  ^reat  cracks.  .  .  .  The  pebbles  protrude  in  mas 
the  great  pmk,  granite  pebbles  being  most  numerous,  often 
lar^e  as  three  feet  through.  Bright  red  jasper  pebbles  eive  1 
rock  a  handsome  appearance.  Quartzite  and  slate  pebbles  i 
also  present.''  At  another  place  on  Ogishke  Muncie  Lai 
'^The  conglomerate  and  greenish  conglomeratic  rock  rise 
contact  forming  a  cliff  80  to  40  feet  high,  broken  or  irregal 
There  is  no  marked  division  between  the  two,  the  one  blendi 
with  the  other.  No  red  jasper  pebbles  are  here  seen,  wh 
fact  distinguishes  this  from  the  coarser  conglomerate.  1 
pebbles  are  black  and  green  in  a  dense  matrix  of  crvstall 
greenish  rock."  At  Gacaauabic  Lake :  **  The  conglomer 
appears  on  the  shore.  The  conglomerate  differs  little 
appearance  from  tbat  at  Ogishke  Muncie.  The  pebbles  are 
many  kinds  but  not  so  thickly  scattered.  Jasper  pebbles  \ 
very  common,  granite,  clear  quartz,  and  slate  pebbles  are  pr 
ent.  This  was  especially  apparent  upon  weathered  surface 
At  times  the  exposures  become  "a  green,  sub-crystalli 
exceedingly  tough  rock,  but  appearing  like  a  bedded  sandstc 
in  place.  It  is  finely  but  distinctly  banded,  cleaving  m 
reaaily  along  the  bands.  .  .  .  Above  this  rock  is  a  distinc 
crystalline,  greenish  rock,  weathering  to  green  and  red,  bavi 
a  conglomeratic  appearance  in  places  where  red  granitic  gra 
are  thickly  scattered." 

The  best  illustrations  of  the  enlargements  of  hornblende; 
found  are  in  the  denser  parts  of  the  conglomerate  where  1 
pebbles  are  comparatively  rare.  But  these  enlargements  i 
present  in  nearly  all  sections  cut  from  the  matrix  of  thisc^ 
glomerate  throughout  its  entire  known  extent  of  a  number 
miles.  As  is  to  be  expected,  thin  sections  from  different  loc 
ities  are  quite  different  in  appearance  and  composition, 
nlany  cases  the  finer  parts  of  the  sections  are  so  exceeding 
iJne  as  to  make  it  difficuVl  lo  d^vcitTcvvvv^  ^jj!R,w.\^.\ft,V^  tiie  vario 
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mineral  constitoents.    However  in  these  caaes  there  are  always 

iireeent  coarser  grains  of  hornblende  and  feldspar,  and  the 
onner  commonly  show  enlargements. 

The  following  is  a  brief  description  of  one  of  the  thin  sec- 
tioiis  from  the  Ogishke  Munoie  rock,  the  mineral  constituents 
ef  which  are  in  the  main  quite  clearly  defined  The  section  is 
eomposed  of  a  rather  sparse  fine  ground-mass,  through  which 
sn  abundantly  scatterea  medium-sized  particles  of  hornblende 
uA  feldspar.  Although  cut  from  a  confflomeratei  at  a  first 
glance  the  section  somewhat  resembles  that  of  a  basic  por- 
phyry, but  upon  a  closer  examination  its  fragmental  charac- 
ter is  plain.  With  a  high  power,  the  ground-mass,  which 
makes  perhaps  one-fourth  of  the  section,  appears  to  be  com- 
posed of  quartz  and  feldspar,  with  some  kaolin  and  crypto- 
ajBtalline  silica.  The  other  four-fifths  of  the  section  are  com- 
posed almost  wholly  of  medium-sized  grains  of  feldspar  and 
Doroblende  in  about  equal  proportions.  The  feldspar  is  in 
part  orthoclase  and  in  part  plagioclase,  the  grains  being  usually 
more  or  less  rounded  and  varying  in  size  from  those  several 
millimeters  across  to  those  so  small  as  to  be  lost  in  the  fine 
matrix.  Some  of  these  izrains  of  feldspar  have  apparently 
received  enlargements.  The  hornblende  is  green  or  greenish 
yellow  in  color.    In  most  cases  it  shows  one  cleavage  and  fre- 

Siently  is  so  cut  as  to  develop  nicely  its  two  cleavages  at  the 
aracteristic  angle.  In  unpolarized  light  these  individuals 
^tppear  to  be  bounded  by  well  defined  lines,  their  apparent 
forms  being  ordinarily  oval,  rounded  or  rectangular.  Much 
more  rarely  they  possess  crystalline  outlines.  In  the  polarized 
light,  however,  each  grain  of  hornblende  is  found  to  extend 
beyond  its  apparent  outline,  as  seen  in  the  ordinary  light,  and 
to  terminate  commonly  in  a  ragged  outline  with  long  projec- 
tions. These  present  outlines  are  believed  to  be  due  to  en- 
Iftigements  of  the  hornblende,  the  inner  rounded,  rounded 
nctanralar,  or  crystalline  outlines,  bounding  fragments  of 
hornblende  which  after  being  deposited  in  the  positions  now 
oocopied  have  taken  a  new  growth.  The  lines  of  division 
between  the  fragmental  cores  and  the  exterior  parts  are  dis- 
tinct They  are  due  to  numerous  gas  cavities  and  inclusions, 
the  latter  being  mostly  minute  particles  of  ferrite,  i.  e.  these 
lines  of  division  are  of  the  same  nature  as  the  corresponding 
lines  in  the  enlargements  of  quartz  fragments.  When  viewed 
in  unpolarized  light,  in  many  cases  there  is  little  difference  in 
the  appearance  of  the  cores  and  exterior  portions  of  hornblende 
while  frequently  there  is  a  marked  diflFerence.  The  added 
portions  are  paler  in  color,  at  times  so  much  so  as  to  give  the 
impression  that  this  part  is  quite  different  from  the  cores;.. yet, 

Am.  Jour,  Scl^Teibd  SKRoa,  Vol,  XXX,  No.  m.— Sept.,  \BSb. 
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between  crossed  nicols  the  lighter  colored,  tnoet  irregnlsrij 
outlined  exterior  parts  are  optically  continuoas  with  the  iDle- 
'  riors  of  the  grains.  Quite  frequently  the  individuals  of  horn- 
blende are  twinned,  and  in  this  case  the  added  portions  are 
also  twinned  in  a  corresponding  manner,  the  t^o^nn^ng  bandi 
cutting  directly  across  both  the  cores  and  the  new  bordering  mate- 
rial. 

The  proof  that  these  are  really  enlargementa  of  bonbleDti; 
fragments  is,  then,  much   the  same  as  that  hitherto  advaoced 


'•"issp:^- 


One  millimeter. 

of  the  enlargements  of  quartz  and  feldspar.  The  more  impor 
tant  of  these  are  indicated  by  the  figures  in  the  accompanying 
plate. 

Figures  1  and  2  are  enlarged  rounded  grains  of  hombleniie. 
The  curved  lines  represent  the  broad  lines  of  diviaion  between 
the  old  and  new  hornblende.  This  line  is  not  an  unbrokea, 
sharply  continuous  one,  but  is  built  up  of  small  gas  cavities 
and  particles  of  ferrita  With  a  low  power  the  ferritea  ftnd 
cavities  make  an  apparently  unbroken  line,  but  with  a  higher 
power  their  true  cnaractei  \a  ^\a\u.    'tV*  ^«T^^.wsen^Jb^».v 
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ines  of  the  enlarffemeots  are  noticeable.  At  points  where 
ibe  lines  are  not  Uius  serrate  the  grains  have  erown  until  in 
eontact  with  other  grains  of  hornblende  or  feldspar.  It  will 
1)6  noticed  that  the  cleavace  is  continuous  in  places  from  the 
inner  into  the  outer  hornblende,  while  at  times  these  cleavage 
fines  break  abruptly  at  the  division  line  between  the  old  and 
new  material.  This  fact  alone  is  an  almost  decisive  proof  that 
ibe  exterior  and  interior  parts  of  the  individuals  are  of  the 
nine  nature,  and  that  the  growth  of  the  whole  has  been  an 
interrnpted  one.  The  regular,  worn,  rounded  outlines  of  the 
interior  parts  show  that  this  interruption  has  been  a  great  one. 
It  will  be  noticed  that  the  enlargements  are  narrow  or  wanting 
in  the  direction  transverse  to  this  cleavage.  This  cleavage  direc- 
tion, as  is  well  known,  is  that  in  which  hornblende  individuals 
commonly  have  their  greatest  length.  It  is  most  often  the  case 
that  the  entire  enlargements  have  occurred  in  the  direction  of 
the  greatest  magnitude  of  the  particles  of  hornblende. 

Figure  3  shows  an  enlarged,  crystal-outlined  grain  of  horn- 
blende. These  crystal-outlined  grains  are  sparsely  present  in 
many  of  the  sections  from  the  conglomerate  at  Ogishke  Muncie 
and  Gacaquabic  Lakes,  bat  are  commonly  enlarged.  The  en- 
largements themselves  never  have  crystal  outlines.  How  it 
chances  that  such  grains  occur  in  a  clastic  rock,  I  leave  for 
another  to  discuss.  In  figures  1,  2,  and  3  all  lines  are  struc- 
ture or  form  lines. 

Figures  4  and  6  represent  enlarged  twinned  crystals  of  horn- 
blende. Parts  of  Wkq  shading  in  each  case  represent  parts 
which  become  dark  simultaneously  in  polarized  light  It  is 
plain  that  twinning  bands  cut  through  the  lines  which  separate 
the  clastic  cores  and  newly  formed  hornblende.  The  cleavage 
lines,  which  are  not  shown  in  the  figures,  are  parallel  to  the 
greatest  length  of  the  grains.  These  grains  then  also  represent 
the  tendency  to  enlarge  in  this  direction  as  mentioned  above. 
They  also  show  finely  the  sharply  angular  outlines  of  the  added 
homblenda 


Art.  XXXL — On  three  Masses  of  Meteoric  Iron  from  Olcrieta 
Mountain,  near  Canoncito^  Sante  Fe  County,  New  Mexico  ;  by 
(}£ORGE  F.  KUNZ.     W  ith  four  Plates. 

Thb  meteorite,  described  in  this  paper,  was  discovered  by 
Mr.  Charles  Sponsler,  a  prospector,  and  was  supposed  by  him 
to  be  a  mineral  of  peculiar  value.  It  was  found  on  some  un- 
claimed land  on  Glorieta  Mountain,  about  half  a  mile  from  a 
house  in  the  woods,  one  mile  northeast  of  Canor\c\\.o^^a.tvX&^^ 
CottDtjr,  in  May  (?),  1884.    The  mass  was  lying  on  ^  toO«l^ 


286       O.  F.  Rvmz — Meteoric  Iron  from  New  Meocioo. 

upon  which  it  had  fallen,  in  three  fragments,  and  judging  from 
the  few  marks  of   weathering,  had  not  been  long  exposed. 
The  exact  date  of  the  discovery  I  am  unable  to  give  at  this 
time,  for  since  it  came  into  my  possession  I  have  not  succeeded 
in  communicating  with  Mr.  Sponsier,  he  being  absent  out  of 
the  reach  of  the  mails.    In  due  time  I  expect  to  be  able  Ui 
settle  this  point  and  to  announce  it  with  other  facts  of  interest, 
The  weight  of  the  entire  mass  is  317  lbs.  (148-76  kilos.). 
Perhaps  one  kilo  had  been  chipped  oflF  before  it  came  into  my 
possession,  so  that  the  original  weight  was  probably  aboot 
145  kilos.     The  diagram  accompanying  this  will  give  a  general 
idea  of  the  former  relative  position  of  the  three  pieces;  No.  1 
projecting  above  and  below  No.  2,  as  indicated  by  the  shading, 
and  No.  3  fitting  in  at  the  lower  right  hand  end.     The  dimen- 


sions of  the  whole  were  approximately  as  follows :  length  25 
inches  (65  cm.),  height  10  inches  (25  cm.),  thickness  15  inches 
(87  cm.)  It  is  curious  that  so  large  and  compact  a  mass  of  iron 
should  have  been  so  completely  broken  asunder,  and  in  this 
respect  the  fall  is  quite  unique.  The  fractures  are  very  clean 
considering  the  size  of  the  fragments,  although  the  edges  are 
somewhat  irregular.  No.  1  is  filled  with  elongated  hollows, 
proving  that  it  evidently  was  disturbed,  and  the  twistingsin 
No.  2  at  the  point  of  impact  would  lead  to  the  conclusion  that 
the  falling  body  was  partly  semiplastic;  but  Professor  RE 
Thurston,  who  kindly  examined  the  iron,  compares  the  frac- 
ture to  the  eftect  that  is  produced  by  a  sudden  heavy  blow  on 
cold  iron  and  has  observed  the  same  violent  wrenching  in  an 
iron  target  used  in  heavy  gunning  practice  and  now  at  the 
Stevens  Institute,  Hoboken,  N.  J. 
No.  1  weighs  148^  lbs.     A\io\xX  OTv^->5ci\tftL  ^1  "^^  ^VOs.^  ^^v 
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shows  the  disjunctare  very  plainly,  as  also  the  exact 
it  where  this  began.  The  mass  measures  15^  inches  (89 
I  in  lenffth,  12  inches  (80  cm.)  in  width,  and  8f  inches 
sm.)  at  the  thickest  part,  and  at  the  thinner  5  inches  (12  cm.) 
I  portion  has  a  peculiar  bubbled  past^  appearance,  as  if  the 
8  had  been  cooled  in  water  at  this  point  Some  of  the  de- 
sions  on  the  surface,  or  pittings,  are  5  cm.  across,  and  quite 
p  and  well-marked.  The  upper  figure  on  plate  Y  represents 
torn  side  of  this  mass.  Plate  YI  shows  the  Widmannstatten 
res  produced  by  etching  a  surface  of  a  fragment  cut  from 

1 ;  this  plate  is  printed  from  an  impression  taken  directly 
1  the  etched  slab. 

Fa  2  weighs  115  lbs.  (52*38  kiloa),  and  measures  16} 
les  (41  cm.)  in  length,  10  inches  (24  cm.])  in  width,  and  6} 
les  (16  cm.)  in  thickness.  About  one-third  of  the  surface 
this  piece  shows  the  remarkable  rupture,  the  remainder 
ig  covered  with  the  pittings.  On  one  corner  there  is  a  por- 
,  10  inches  by  6,  which  is  evidently  the  spot  where  the  mass 
ck  the  rock.  Here  the  pittings  are  flattened  and  the  whole 
3  distorted  and  curled  over,  giving  it  a  radiated  or  fan-like 
sarance.    The  front,  or  pitted,  side  of  No.  2  is  well  exhib- 

in  Plate  III,  and  the  torn  side  in  Plate  Y. 
b.  3  weighs  53}  lbs.  (24*268  kilos.),  and  measures  12 
es  (30  cm.)  in  length,  8}  inches  (21}  cm.)  in  height,  and  6 
es  (15  cm.)  in  thickness  in  the  thickest  part  Over  five* 
hs  of  the  entire  surface  is  pitted,  some  of  the  depressions 
g  5  cm.  across  and  nearly  2  cm.  deep.     The  place  of  rup- 

is  plain,  and  the  iron  here  is  coarsely  fibrous,  possibly 
Luse  It  was  farther  from  the  point  of  impact.  There  is  also 
3sure  about  4  inches  (10  cm.)  deep  and  nearly  1  cm.  wide, 
Mite  the  broken  face  (see  plate  lY).     In  this  fissure  are 

broken  ends  of  chisels  which  were  broken  in  the  attempt 
\Tj  off  this  piece,  and  which  may  have  enlarged  the  open- 

The  front  side  of  No.  3  is  shown  in  Plate  lY. 
his  iron  is  one  of  the  Holosiderites  of  Daubr^,  and  comes 
sr  the  general   group  of  Caillite  of  Meunier;    it  is  re- 
i  to  the  irons  of  Augusta  County,  Yirginia,    Whitfield 
Qty,  Georgia,  and  Washington  County,  Wisconsin.     The 

is  of  characteristic  octahedral  structure,  and  the  Widmann- 
en  figures  are  made  up  of  kamacite  (Balkeneisen  or  beam- 
),  i.  e.  iron  with  little  nickel,  enveloped  in  tsanite  (Band- 
3),  rich  in  nickel,  and  plessite  (Fiilleisen).*  On  the  single 
made,  one  field  of  dark  plessite  measured  17  mm.  by  8  mm., 

kamacite  from  *5  mm.  to  2  mm.  in  breadth.     The  tsenite 

abundant  and  brilliant 

He  Meteoriten  Sammlung  des  k.  k.  mineralog^Bchexi  Hof-KabluetAa  ixy  Wleii. 
1.  Mai  1885,  by  Dr.  Aristidea  Brezina;  (&parat-Abdmc\t  ftMft  dam  5«^t- 
ierk.  k.  geol.  Reicbsanstalt,  for  1885,  vol.  xxxv,  No.  \), 
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The  following  is  the  result  of  an  analysis  of  a  compactpiece 
of  iron  from  No.  3,  made  by  Mr.  James  B.  Mackintosh,  K  K 
of  the  School  of  Mines,  New  York  City. 

Fe 87-93 

Ni 11-15 

Co 0-83 

P 0-36 


99-77 


Carbon,  sulphur  and  other  constituents  were  not  determined. 
The  specific  gravity  of  the  entire  mass  No.  2  was  taken  on  a 
common  steel-yard,  and  found  to  be  7'66"f .  The  figures  may 
be  of  interest,  as  showing  the  homogeneity  of  the  mass,  al* 
though  the  method  was  not  delicate. 

Troilite  was  observed  in  several  places  on  the  crust  of  No. 
1,  also  traces  of  olivine,  and  perhaps  schreibersite  ?  But  as 
yet  the  investigation  of  the  mass  is  incomplete ;  all  facts  re- 
garding the  included  minerals  will  appear  in  a  succeeding  note 
on  this  fall,  together  with  some  approximate  data  as  to  the 
velocitjr  at  the  moment  of  impact. 

I  will  add  that  thin  meteorite  was  brought  to  my  notice  by 
Messrs.  F.  Alfred  Reichardt  &  Co.,  and  Dr.  H.  G.  Torrey,  who 
have  courteously  given  me  information  on  the  subject. 


SCIENTIFIC     INTELLIGENCE. 

I.    Physics. 

1.  On  ^^Trandfer-resiatance^^  in  Electrolytic  and  VoUaie  CeJh; 
by  G.  GoBB.  (Abstract.) — The  existence  of  this  phenomenon  has 
been  a  matter  of  doubt  ever  since  the  year  1831,  and  the  ques- 
tion has  been  examined  by  many  investigators.  In  the  present 
paper  are  described  a  series  of  methods  by  means  of  which  iu 
reality  has  been  determined.  Other  methods  are  given  for 
measuring  the  amounts  of  such  "  resistance,"  either  collectively  at 
the  two  electrodes  of  an  electrolytic  cell,  or  separately  at  each 
electrode.  Modes  of  obviating  the  interference  of  polarization, 
and  of  securing  success  in  the  measurements,  are  also  described. 

The  influence  of  various  circumstances  upon  the  phenomenon 
were  investigated,  viz :  strength  and  density  of  current ;  total 
resistance ;  density  of  current  and  size  of  electrode ;  composition 
of  the  electrolyte ;  strength  of  the  same ;  combined  electrolytic 
cells ;  temperature ;  and  chemical  corrosion.  The  relations  of  the 
phenomenon  to  size  of  plate  in  voltaic  cells,  to  the  positive  and 
DCMtive  plates  respectively,  and  to  strength  of  current  in  those 
cells,  were  also  examined,  and  VW  t^^xjXv^  vc^  ^\\«v:l. 
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The  following  are  the  chief  facts  established  by  this  research : 
Chat  a  species  of  electric  *^  resistance,**  distinct  from  that  of  polar- 
iistion  and  of  ordinary  oondaction-resistance,  varying  greatly  in 
amount  in  different  cases,  exists  at  the  surfaces  of  mataal  contact 
of  metals  and  li^jnids  in  electrolytic  and^  voltaic  cells.  That  this 
<* resistance'*  vanes  largely  in  amount  with  different  metals  in  the 
same  solution,  and  with  the  same  metals  in  different  solution^ in 
dilate  solutions  of  mineral  acids  of  different  strengths,  or  of  differ- 
ent temperatures;  and  is  usually  small  with  easily  corrodible 
DeUls  which  form  auickly  soluble  salts,  and  large  with  those 
which  are  not  corroaed;  and  is  disguised  in  the  case  of  those 
which  by  corrosion  form  insoluble  salts. 

The  results  of  the  exj^eriraents  also  show  that  the  same  voltaic 
corrent  was  *^  resisted "  in  different  decrees  by  every  different 
metal  when  employed  as  an  anode,  and  when  used  as  a  cathode; 
also  by  the  same  metal  when  used  as  an  anode  and  cathode 
respectively :  and  that  the  proportions  of  such  ''  resistance "  at 
an  anode  and  cathode  of  the  same  metal,  varied  with  every  differ- 
ent metal  in  everv  different  electrolyte  (and  strength  of  electrolyte), 
and  at  every  different  temperature ;  and  that  the  resistance  at 
the  anode  was  usually  smaller  than  that  at  the  cathode ;  in  some 
cases,  however,  where  a  film  was  formed  upon  the  anode,  an  ap- 
parently reverse  effect  occurred  ;  that  a  current  from  a  given  posi- 
tive plate  of  a  voltaic  cell  was  differently  resisted  by  every  differ- 
ent metal  used  as  a  negative  plate  in  that  cell ;  and  that  by  rise 
of  temperature  ^'  transfer-resistance  '*  was  usually  and  considera- 
bly reduced. 

They  further  show  that  this  species  of ''  resistance  "  was  largely 
redaced  by  increasing  the  strength  of  current ;  and  was  thus  con- 
spicuously distinguished  from  ordinary  conduction-resistance  of 
the  electrolyte.  In  consequence  of  this  effect,  '^  transfer-resist- 
ance "  was  greatly  influenced  by  every  circumstance  which  altered 
the  ordinary  resistance,  and  thereby  the  strength  of  current  The 
Qsaal  effect  of  diminishing  the  density  of  current  alone,  by  enlarg- 
ing both  the  electrodes  and  keeping  the  strength  constant,  was  to 
diminish  the  '^  transfer-resistance ;  and  of  enlarging  one  only, 
was  to  diminish  it  at  that  electrode  and  increase  it  at  the  other, 
the  effect  being  greatest  at  the  altered  electrode ;  but  the  influence , 
of  density  was  very  much  smaller  than  that  of  strength  of  current. 
The  current  was  usually  less  "  resisted,^'  and  larger  with  a  small 
positive  plate  and  a  large  negative  one,  than  with  those  sizes 
reversed.  Alterations  of  size  or  kind  of  metal  at  one  plate  of  an 
electrolytic  or  voltaic  cell  affected  the  ''  transfer-resistance  *'  at  the 
other,  by  altering  the  strength  and  density  of  the  current. 

"Transfer-resistance,"  therefore,  appears  to  vary,  not  only  with 
3very  physical  and  chemical  change  in  the  metals  and  liquids,  but 
ilso  with  every  alteration  in  the  current.  Such  ^^  resistance " 
throws  light  upon  the  relative  functions  of  the  positive  and 
iHgative  plates  of  voltaic  cells,  and  illustrates  the  comparatively 
mail  influence  of  the  neg&tive  one  in  producing  streuglU  ol  <ivx\:- 
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rent.  Nearly  all  these  conclusions  are  based  upon  results  r 
sented  by  average  nnmbers  obtained  by  series  of  experimen 
Proc.  Roy.  Soc.y  No.  236. 

2.  Electrical  Resistance  of  the  new  aUoy  Platinoid. — The 
alloy  Platinoid  is  essentially  German  silver  with  the  additic 
1  or  2  per  cent  of  metallic  tungsten.  It  has  a  specific  gravit 
8*78  (at  20^  C.)  ;  the  color  is  white,  and  when  polished  is  ha 
distinguishable  in  appearance  from  silver  ;  it  is  especially  rem 
able  for  being  practically  untamishable,  resisting  to  great  de 
the  ordinary  tarnishing  effect  of  the  air.  Bottomlsy  has  cai 
on  a  series  of  experiments  having  as  their  object  the  deterni 
tion  of  its  electrical  resistance.  He  finds  that  it  possesses 
same  properties  of  high  specific  resistance  and  small  variatio 
resistance  with  change  of  temperature  that  make  German  8i 
wire  so  suitable  for  the  galvanometer  and  resistance  coils,  onl 
a  higher  degree.  The  specific  resistance  of  platinoid  is  about 
and  a  half  times  that  of  German  silver.  The  average  percent 
variation  of  resistance  per  1®  C.  between  0°  and  100  was  foun( 
be  0*02087  in  one  case  and  0*022  in  another ;  the  correspond 
values,  as  obtained  by  Matthiessen  are  at  20^,  for  copper  0*: 
platinum-silver  alloy  O'OSl,  gold-silver  alloy  0*065  and  Gen 
silver  0044. — Proc.  Roy.  Soc,.^  No.  287. 

8.  Annual  change  of  the  Aurora  JSorealis. — ^A  recent  nun 
of  Nature  contains  an  interesting  review  of  a  work  by  Trom 
on  the  Aurora.  After  remarking  the  fact^that  Weyprecbt 
the  first  to  advance  the  view  that  the  auroral  zone  is  fart 
south  at  the  equinoxes  and  farthest  north  at  the  solstices, 
following  quotation  in  regard  to  this  point  is  given  from  Ti 
holt. 

•  "  My  researches  have  led  me  to  endorse  Weypfecht's  the 
I  feel  satisfied  that  the  Aurora  Borealis  moves  toward 
autumnal  equinox  southward,  and  then  northward,  reaching 
farthest  northern  limit  about  solstice.  After  this  it  again  m< 
southward,  being  in  its  most  southern  position  at  the  ve 
equinox,  when  the  movement  is  again  in  a  northerly  direction 

*^  From  this  it  follows  that  the  two  maxima  occurring  in 
temperate  zone  at  the  equinoxes  must  approach  each  other  i 
the  farther  north  the  point  of  observation  is  situated.  This  i 
fact,  the  case.  As  some  examples,  I  may  mention  that,  while 
two  maxima  occur  in  March  and  September  in  St.  Petereb 
Abo,  Stockholm,  Christiania,  Worcester  (Mass.^,  and  New  Ha 
they  occur  in  February  and  October  in  Aalesund,  Newb< 
Quebec,  and  Newfoundland ;  in  December  to  January  in  I 
merfest,  and  in  January  at  Fort  Reliance.  Very  instructi^ 
this  respect  are  also  the  observations  from  the  three  Green 
stations  :  Upernivik,  Jacobshavn,  and  Ivigtut.  At  Ivigtut, 
southernmost  of  the  stations,  the  yearly  maximum  must  certa 
be  said  to  occur  in  January,  but  there  is  a  second  maximum  tov 
the  autumnal  equinox.  At  Jacobshavn,  eight  degrees  farther  nc 
there  is  but  one  distinctly  marked  maximum  in  January,  an 
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Ik  the  northernmost  of  the  stations,  the  maximum  falls 
inter  solstice  more  marked  and  dominant  than  anywhere 
le  world." 

te  on  a  preliminary  Comparison  between  the  Dates  of 
r  Storms  in  Oreat  Britain  and  those  of  Magnetic  Dis- 
s  at  the  Keiw  Observatory;  by  Balfoub  Stewabt  and 
NT  Carpbntsb. — We  took  the  dates  of  thirty  storms  from 
bt's  paper  entitled  ^*  The  Equinoctial  Gkiles ;  do  they  occur 
ritish  Isles  ?"  in  the  **  Quarterly  Journal  of  the  Meteor- 
Society "  for  October,  1884,  and  by  the  kindness  of  Mr. 
S  of-  the  New  Observatory,  were  enabled  to  make  the 
)on  mentioned  above. 

r  these  thirty  storms,  in  twenty-three  cases  there  is  a  dis- 
gnetic  disturbance,  for  the  most  part  preceding  the  storm 
what  more  than  a  day.  We  do  not,  however,  imagine 
have  thus  proved  the  fact  of  such  a  connection,  but  think 
Its  we  have  attained  sufficient  to  justify  us  in  pursuing  the 
"Ptoc.  Boy.  8oo.f  No.  286. 

operties  of  Matter;  by  P.  G.  Tait.  320  pp.  crown  8vo. 
gh,  1885  (Adam  and  Charles  Black). — ^The  excellent 
by  Professor  Tait  on  the  subjects  of  Heat  and  Light, 
noticed  in  this  Journal,  are  now  followed  by  a  third  on 
)ert]es  of  Matter,  and,  as  we  are  informed,  the  series  is  to 
leted  by  three  others  on  Dynamics,  Sound,  and  £lectric- 
e  value  of  such  works  as  these  to  the  student  of  physical 
»n  hardly  be  overestimated.  Instead  of  the  dull  mechan- 
e  of  many  of  the  older  text-books,  only  enlivened  by  the 
»orate  illustrations,  these  volumes  of  ^Professor  Tait  are 
ight  and  suggestive,  and  calculated  to  tempt  a  student  on 
idependent  thinking  for  himself.  The  present  work  iS 
y  welcome  since  it  is  devoted  to  a  series  of  topics  which 
,  often  been  discussed  connectedly  in  a  single  volume. 
e  Mathematical  Theory  of  Electricity  and  Magnetism  ; 
T.  Watson  and  S.  H.  Burbuby.  Vol.  i.  Electrostatics. 
3vo.  Oxford,  1885  (The  Clarendon  Press). — ^This  volume 
led,  as  the  authors  state,  as  an  introduction  to,  or  com- 

upon,  Maxwell's  work  on  Electricity  and  Magnetism, 
ee  opening  chapters  are  devoted  to  a  series  of  introduc- 
thematical  propositions  on  Green's  theorem,  spherical 
cs  and  the  potential.  The  fundamental  electrical  phenom- 
then  brieny  described,  much  as  given  by  Maxwell,  and 
d  the  usual  series  of  topics  in  electrostatics  discussed 
itically  in  succession.  Students  who  find  difficulty  in 
Maxwell's  larger  treatise  will  be  assisted  by  this  volume, 

his  views  and  methods  are  more  or  less  closely  followed. 

II.    Geology  and  Natural  History. 

yort  of  Progress  of  the  Geological  and  Natural  History 
f  Canada  during  the  years  1882-83-84,  Alfred  R.  0. 
,  Director.  Montreal,  1884.    (Dawson  Brothers.) — Among 
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the  valuable  Reports  in  this  volume  is  one  on  the  Labrador  and 
Hudson  Bay  region  by  Mr.  Robbbt  Bbll.    The  author  observed 
slacial  striae  in  many  places  and  the  following  are  some  of  the 
lacts.     About  the  Southern  Cape  of  Hudson's  Straits  the  diree- 
tion  (magnetic,  and  the  same  beyond)  of  the  strisB  was  sontheaat- 
ward— S.  36**  E. — though  varying    among  the    hills   with  the 
trends  of  the  valleys ;  on  the  north  side  of  Hudson  Strait,  nesr 
Cape  Prince  of  Wales,  the  direction  was  S.  40°  E.  to  S.  60®  E.; 
across  the  south  end  of  Nottingham  Island  S.  30°  E.  (and  the 
bowlders  were  largely  limestone,  indicative  of  a  limestone  fonna- 
tion  to  the  westward);  near  Marble  Island  on  the  west  side  of 
Hudson's    Bay   (where    occurs  quartzyte   having   often  ripple- 
marked  surfaces),  the  direction  of  the  glacial  stris  is  S.  10  K. 
The  remark  is  made  in  the  concludiuj^  summary  that  on  both 
sides  of  Hudson's  Bay  the  movement  of  the  ice  was  to  the  soadi- 
.  ward  and  eastward ;  that  an  extensive  glacier  moved  eastward 
down  Hudson  Strait,  which  had  its  head  in  Fox's  Channel  tod 
terminated  in  the  Atlantic  Ocean.     Glaciers  are  said  to  exiit 
now  in  this  channel  and  to  be  the  source  of  the  small  ice 
that  float  down  the  strait.     Mr.  Bell  also  concludes  that  thro 
out  the  Glacial  peiiod  ''  the  top  of  the  coast  range  of  Labrador 
stood  above  the  ice  and  was  not  glaciated,  especially  the  high 
northern  part."    In  the  southern  pait  of  the  Labrador  peniDsda 
the  general  course  of  movement  "appears  to  have  been  soutt 
ward,  varying  to  the  eastward  and  westward  with  the  courses  of 
the  valleys ;"  but  over  Newfoundland  "  from  the  center  toward 
the  sea  on  all  sides."    The  rocks  met  with  alons  Hudson  Strait 
and  Bay  were  mainly  Archaean.     But  on  Mansfield  Island  aod 
Cape  Southampton,  to  the  west,  a  fossiliferous  limestone  forma' 
tion  was  seen,  which  was  probably  Lower  Silurian. 

In  the  report  of  Mr.  R.  W.  Eli^,  on  the  Gasp6  Peninsula,  it  is 
stated  that  the  later  investigations  show  that  much  the  larger 
part  of  the  island  instead  of  being  under  Triassic  rocks,  is  Permo- 
Carboniferous,  as  shown  by  the  fossil  plants  collected  at  variooi 
places ;  and  that  the  part  of  the  coal  formation  affording  the 
great  coal  beds  of  Cape  Breton,  Pictou  and  Spring  Hill  is  prob* 
ably  wanting. 

Mr.  A.  P.  Low  describes  the  rock  of  a  ridge  on  the  Gasp^ 
peninsula,  including  the  prominent  peak  Mt.  Albert,  averaging 
two  and  a  half  miles  in  breadth,  as  an  olivine  rock,  more  or  lett 
changed  to  a  dark  green  serpentine.  Chromic  iron  occurs  in  the 
serpentine,  but  not  m  sufficient  quantities  for  profitable  mining. 

Mr.  R.  Chalmebs  has  a  report  on  the  Quaternary  geology  of 
Western  New  Brunswick.  The  directions  of  the  glacial  stri*  \ 
(corrected  for  variation)  in  Carleton  and  York  Counties  were  I 
mostly  between  S.  15°  E.  and  S.  30°  E.  The  many  lake-basiitt  -* 
of  the  region  are  attributed  to  the  partial  filling  of  preglacial  val- 
leys by  drift  during  the  Glacial  period,  and  a  subsequent  scoop  j 
ing  out  by  local  glaciers  and  currents.  Terraces,  kames  and  j 
other  glacial  phenomena  ol  \\ie  Y^^Voxi  «it^  d^%c»rvhed,  j 
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\  Report  of  Mr.  Hugh  Flbtchbb  on  the  Geology  of 
lem  Cape  Breton  ^ves  interesting  facts  with  regard  to  the 
>n8  of  the  Carboniferous  beds  to  the  associated  pre- Cam- 
rocks.  The  volume  is  accompanied  by  a  series  or  colored 
of  the  Province  of  Nova  Scotia  to  illustrate  a  report  by  Mr. 
ler  of  1879  to  1884. 

)  Reports  of  Mr.  6.  M.  Dawson  on  the  region  of  Bow  and 
Rivers,  and  of  Mr.  Hoffmann  on  the  coals  and  lignites  of 
>rthwest  have  already  been  noticed  in  this  Journal. 
AnMlo-Ccupian  and  Mediterranean  JBasine. — A  paper  on 
aland  Seas  and  Salt  Lakes  of  the  Glacial  period,  by  Mr.  T. 
JORSON,  is  contained  in  the  Geological  Magazine  for  last 
(in,  ii,  193).  It  illustrates  the  ereat  extension  of  such 
luring  the  progress  and  decline  of  Uie  era  of  ice  by  a  review 
)  facts  connected  with  the  Great  Salt  Lake  of  Utah,  the 
Sea,  the  Aralo-Caspian  Basin,  the  Pangong  Lake  and  the . 
erranean  Basin. 

aking  of  the  Arato-  Caspicai  JBaein  it  states  that  the  Cas- 
ts 84  feet  below  the  Black  Sea,  and  that  a  rise  of  107  feet 
I  cause  its  waters  to  flow  westward  into  that  sea ;  that  a 
f  220  feet  would  make  the  Casjpian  waters  to  flow  north- 
into  the  Tobolsk  and  down  the  Obi  into  the  Arctic  Ocean, 
rmer  recent  connection  with  that  ocean  is  sustained  by  the 
nee  in  its  region  of  mollusks,  crustaceans,  flshes,  the  Belnea 
sals,  some  ofthe  species  closely  like  or  identical  with  Arctic 

The  seal,  JPhoca  catpicay  is  by  some  made  a  variety  of  the 
3  P.  vUtdincL  The  nshes  include  the  sturgeon,  herring, 
L  and  salmon ;  the  crnstaceans,  Idotea  entomon  and  HiyeU 
r,  both  Arctic  species. 

th  regard  to  the  Mediterranean,  Mr.  Jamieson,  after  referring 
\  opinion  that  a  land  communication  must  have  existed  be- 
Spain  and  Africa  during  some  part  of  the  Quaternary,  and 
bis  would  become  a  fact  by  a  rise  of  a  thousand  feet,  since 
^e  crosses  from  Cape  Spartel  to  Cape  Trafalgar  with  no 
3r  depth  above  it  than  167  fathoms,  urges  that  not  only 
tions  across  from  Africa  to  Spain  and  the  rest  of  Europe 
i  thus  have  become  possible,  out  also,  in  his  view,  migra- 
to  Malta,  Sicily  and  other  islands  within  the  Mediterranean 

He  argues  that  the  sea  without  an  outlet  would  lose  its 
by  evaporation,  inasmuch  as  the  average  rainfall  within 
atershed  is  but  30  inches,  while  the  evaporation  is  stated 
X,  Brit.,  Art  Mediterranean)  to  exceed  60  inches,  until  an 
brium  was  established  between  the  loss  and  the  supply, 
hat  in  this  way  the  sea  would  be  reduced  to  two  or  more 

He  speaks  of  a  dry  climate  intervening  between  the  two 
&l  eras  of  Europe,  and  favoring  such  a  result.  Thus  there 
I  have  been  made  a  dry  path  over  to  Sicily  for  African  ele- 
8  of  two  species,  two  also  of  hippotamus,  and  other  species, 
or  a  similar  migration  to  Malta ;  a  dry  way  also,  for  foxes 
inorca^  and  hares,  martens,  deer,  foxes,  etc.,  lo  CoT«ve.^  ^tv^ 
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Sardinia.    The  depth  of  water  between  Africa  and  Sicily  is 
about  200  fathoms. 

This  theory  of  making  dry  passage-ways  over  the  Med: 
ranean  bottom  and  lakes  of  the  salt  sea  requires  elevation  < 
at  Gibraltar.  The  relations  between  the  present  salt-water  Hi 
the  sea  and  that  of  Glacial  and  pre-Glacial  time,  found  foss: 
shore-deposits  and  elevated  beds,  ought  to  decide  its  merits. 

3.  Union  Group,  Pacific  Ocean. — In  an  article  on  the  con 
sition  of  some  coral  limestones,  etc.  from  the  South  Sea  Islai 
by  A.  Liversidge,  published  in  the  Journal  of  the  Royal  Soc 
of  New  South  Wales  for  1880,  p.  181,  one  of  the  specin 
analyzed  is  stated  to  have  been  brought  by  Dr.  Messer,  R.  ^ 
H.  M.  S.  Pearl,  from  a  raised  reef  on  the  I)uke  of  York  Ish 
one  of  the  Union  Group,  at  a  height  of  WO  feet  above  the 
level.  There  is  an  error  here,  for  the  Duke  of  York  Island 
low  atoll,  and  so  are  the  others  of  the  Union  Group,  the  grea 
elevation  being  14  or  15  feet. 

The  analysis  afforded  1*97  per  cent  of  alumina  (with  trace 
iron  sesquioxide)  and  0*789  of  silica,  and  the  amount  of  alnn 
suggests  that  the  coral-reef  rock  may  have  come  from  some 
of  the  barrier-islands  of  the  ocean.  The  whole  analysis  is 
follows  :  Carbonic  acid  41*68,  lime  52*09,  magnesia  0*86,  pot 
0*98,  soda  0*85,  alumina  and  traces  of  iron  sesquioxide  1 
manganese  trace,  silica  0*70,  organic  matter  0*50,  chlorine  tr 
hygroscopic  moisture  •02=99*76.  j.  d.  ] 

4.  Spiraxis  major  and  Sp,  Handalli  of  Newberry;  k 
Screto-like  fossils  from  the  Chemung  group  cf  Northern  Penn 
vania  and  Southern  Neu>  York, — These  singular  fossils 
described  and  figured  by  Dr.  J.  S.  Newbbrbt  in  the  Anna) 
the  N.  Y.  Academv  of  Sciences,  vol.  iii,  no.  7,  p.  217.  They 
three  to  seven  inches  long,  tapering  slightly  in  either  direct 
from  the  middle,  half  an  inch  to  over  an  inch  in  greatest  diame 
and  are  marked  with  a  broad  and  deep  spiral  groove.  Bat  t 
are  without  any  trace  of  organic  structure,  and  Dr.  Newberry 
scribes  the  specimens  and  mentions  possible  biological  relati< 
without  venturing  any  decided  opinion. 

5.  Geological  Map  of  the  United  States  ;  by  W.  J.  McGei 
the  U.  S.  Geological  Survey. — This  map,  although  a  small 
ri8X28  inches),  will  be  found  of  great  value  to  the  geological 
aent.     It  has  oeen  carefully  prepared  and  is  colored  in  the  1 
style  of  the  art. 

6.  Macfarlan^s  Geological  Railway  Guide. — Dr.  James  1 
farlane  is  preparing  a  new  edition  of  his  valuable  Geological  i 
way  Guide,  corrected  to  correspond  with  the  recent  discovei 
which  will  soon  be  published  by  Appleton  &  Co.  The  part 
Canada  has  already  been  issued. 

7.  Impact  Friction  and  Faulting ;  by  Gboboe  F.  Beckei 
The  following  misprints  occur  in  the  portion  of  this  article  wl 
appeared  in  the  August  number  : 
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Page  120,  line  3  from  top,  dw=wdx  should  read  dtoz=—wdx. 

Page  121,  line  2  from  top,  for  W  read  w. 

Page  1 22,  line  8  from  top,  for  mv^  read  mv^. 

Page  1 23,  line  7  from  bottom,  for  average  read  energy. 

Page  127,  the  figpire  should  be  as  follows : 


8.  Flantes  d  Fourmis. — Under  this  title  M.  Levier  has  repro- 
daced  in  the  French  language,  in  the  Archives  Italiennes  de 
Jidogiey  the  sabstance  of  Beccari's  Pianti  Ospitatriciy  oaaia 
JHanie  Formicarie  delta  Malesia  e  delta  Papuaia^  (that  of  the  in- 
troductory portion),  from  the  second  volume  of  Beccari's  Malesia, 
The  first  part  of  this,  with  its  copious  figures,  is  devoted  to  the 
consideration  of  plants  which  hospitably  shelter  and  in  part  feed 
<5olonies  of  ants  in  a  peculiar  and  quasi-pathological  growth.  The 
first-known  plant  of  this  kind  is  Acadia  comigera  of  Central 
America.  Hernandez,  about  the  middle  of  the  seventeenth  century, 
described  the  huge  stipular  thorns  of  this  tree  and  the  way  in 
irbich  ants  of  a  particular  species  eat  into  them  from  the  apex, 
feed  upon  the  pulpy  interior  substance,  and  make  there  their 
dwelling,  feeding  also  upon  the  sweet  secretion  of  the  leaf -glands. 
As  Belt  (The  Naturalist  in  Nicaragua)  describes,  the  stipular 
thorns  or  horns,  thus  inhabited,  grow  still  larger  and  in  a  differ- 
ent shape  from  those  of  the  species  which  are  unoccupied ;  and 
the  ants  are  said  to  pay  for  their  food  and  lodging  by  effectually 
keeping  off  herbivorous  animals  and  other  species  of  insects  which 
otherwi^  would  attack  the  tree.  The  ant-inhabited  plants  next 
made  known  were  two  woody  JRubiacece,  of  Sumatra,  a  Hydnophy- 
turn  and  a  Myrmeeodia^  which,  in  1750,  Rumphius  described  and 
illustrated,  the  first  as  Nidus  formicarum  niger,  being  inhabited 
by  a  kind  of  black  ant,  the  second  as  Nidus  formicarum  ruber^ 
because  it  harbored  a  red  ant.  Both  shrubs  are  epiphytic,  and 
both  make  a  large  tuber-like  growth  at  the  base  where  the 
attachment  to  the  foster-tree  takes  place; — an  abnormal  and 
pathological  growth,  in  the  sense  that  the  development  is  stimu- 
lated and  aggrandized  by  the  irritation  of  the  colonizing  ants 
which  find  food  and  lodging  in  the  cavernous  interior,  yet  natural 
because  the  tuberous  enlargement  begins  in  the  germination  of 
the  plant  before  the  ants  attack  it.  It  is  the  caulicle,  or  hypo- 
cotyledonons  stem,  which  thus  swells  out  when  the  embryo  ger- 
minates, and  this  appears  to  form  the  whole  of  the  large  tuber. 
All  this  is  beautifully  illustrated  by  Beccari,  in  plates  8,  13,  and 
21  of  the  second  volume  of  Malesia ;  where  it  is  moreover  shown 
that  the  swelling  caulicle  becomes  hollow  by  its  own  growth. 
So  it  appears  that  these  insect-colonized  Rubiacese  prepare  in 
advance  for  their  peculiar  guests,  although  the  amplitude  of  the 
lodging  is  doubtless  increased  by  their  subsequent  action.  In- 
deed Beccari  states  that  the  seedling  plants  which  fail  to  be 
inhabited  soon  cease  to  grow.      This,  however,  contradicts  the 
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opinion  of  Treub,  that  the  ants  have  nothing  to  do  with  the 
formation  of  this  organ.  Be  this  as  it  may,  it  is  most  supposable 
that  this  extraordinary  formation  was  acquired  gradually ;  thai 
the  normally  fleshy  caalicle  of  the  ancestral  plant,  made  a  nida» 
by  an  insect,  developed  under  the  disturbing  stimulus  somewhat 
as  a  gall  develops,  until  at  length  the  tendency  became  hereditary 
and  the  singular  adaptation  of  plant  to  insect  was  established. 
In  formulatmg  such  an  hypothesis,  which  falls  in  so  natarally 
with  prevalent  conceptions,  Signor  Beccari,  in  his  elaboratt 
exposition,  goes  back  very  far  for  his  starting  point,  even  to  the 
properties  of  protoplasm,  the  development  of  protista  into  proto* 
phytes  and  protozoa,  the  development  of  the  former  into  h1gh6^ 
organized  forms,  and  so  on ;  coming  down  at  length  to  the 
hypothesis  that  the  vanous  adaptations  of  flowers  to  inseota^ 
(in-egularities  in  form,  the  development  of  nectaries,  the  growth  of 
these  into  hollow  spurs  or  sacs,  etc.),  have  resulted  from  the 
irritant  or  disturbing  action  of  visiting  insects.  The  whole  dis- 
sertation is  interesting  and  ingenious. 

Beccari,  in  Malesia,  indicates  10  species  of  Myrmecodia  and  2i^ 
of  Hydnophyium,  This  association  with  ants  is  established  in 
many  of  them.  He  also  describes  and  figures  less  remarkable, 
cases  of  ant-lodgings  in  stems  thereby  more  or  less  distorted  by 
enlargements,  in  a  Myriitica^  in  an  jBndospermum  and  another 
of  the  £uphorbiace8e,  a  Clerodendron^  and  in  three  Palms  of  the 
genus  Korthalsia,  ▲.  o. 

9.  Lloyd^B  Drugs  and  Medicines  of  North  America. — The 
sixth  part,  issued  in  June,  1885,  extending  from  p.  177  to  208, 
brings  to  a  close  the  elaborate  medical  and  botanical  history  of 
Hydrastis^  with  48  bibliographical  references  to  the  botany  alone^ 
It  devotes  a  good  figure-  and  a  page  of  letter-press  to  IMIiug 
laocusy  and  for  the  rest  is  occupied  with  CoptiSy  which  is  left 
unfinished.  There  are  excellent  figures  and  dissections  of  C 
trifolia  and  also  of  C,  occidentcUis  and  C,  asplenifolia  of  the  P»> 
cific  side  of  the  continent,  and  an  elaborate  account  of  the 
minute  anatomy  of  C,  trifolia  by  Louisa  Reed  Stowell,  witk 
copious  and  admirably  drawn  illustrations.  The  main  active 
principle  of  the  plant  is  said  to  be  berberine.  So  the  siogle 
order  Ranunculaceoe  is  likely  to  fill  a  volume.  a.  q. 

10.  TVansactiofis  and  Proceedings  of  the  New  Zecdand  Insti' 
tut€y  for  1884,  vol.  xvii,  1885. — The  Botanical  papers,  p.  214-306, 
show  great  activity  among  the  resident  botanists  of  New  Zealand, 
consisting  of  articles  by  T.  Kirk,  W.  Colenso,  D.  Petrie,  J.  - 
Adams,  H.  C.  Field,  and  W.  S.  Hamilton.  Many  new  speciaa 
are  characterized ;  and  there  are  still  ample  harvests  to  be  gatb- 
ered  in  these  large  and  diversified  islands.  a.  6. 

11.  Revisio7i  of  the  North  American   Species  of  the   Osnm  , 

Scleria ;  by  N.  L.  Britton. — This  forms  pages  228-237  of  the 

third  volume  of  the  Annals  of  the  New  York  Academy  of  M^ 

enees.     As  the  New  York  Academy  is  a  continuation  and  amplifi* 

cation    oi  the   former  Lyceum  oi   "^^\.\«^  la^&Xftrrj^  ^Xsk^  \^ 
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former  days  broaght  oat  distinguished  work  in  CyperacecBy  this 
continuation  of  its  Annals  upon  the  same  line  is  opportune  and 
weleome.  No  new  species  are  proposed  in  this  critical  revision, 
but  several  new  varieties  are  characterized.  a.  g. 

12.  Beitrag  zur  Ketintnisa  der  Sarraceniaceen, — An  inaugural 
Dissertation  for  the  philosophical  doctorate  at  the  University  of 
Erlangen,  May,  1885,  by  Paul  Zippbber  of  Munich,  octavo,  with 
one  doable  plate  of  anatomical  detail ;  worked  out  upon  Sarrch 
eenia  purpurea^  flavOy  and  variolaris^  Darlingtonia  and  JBieliam- 
phwa.  A.  G. 

13.  Charles  Wright,  our  associate  of  many  vears,  a  veteran 
botanist  and  extensive  explorer,  the  most  kindly  of  men,  died 
suddenly,  of  heart  disease,  at  his  home  in  Wethersfield,  Conn., 
Aagnst  11th,  at  the  age  of  74.  a.  g. 

III.  Miscellaneous  Scientific  Intelligence. 

1.  Ihinsaetiims  of  the   Connecticut  Academy  of  Arts    and 

SeimceSf  vol.  vi,  Part  2.     New  Haven,  Conn. — This  part  closes 

tie  volume   with   the  516th   page.     It  contains  the  following 

tnemoirs:    J.   H.   Emerton,  on   New   England  Spiders  of  the 

family  Epeirids,  with  8  plates  of  crowded  figures:   and  on  the 

LyoosidflB,  with  4  plates;  K.  H.  Chittenden  and  H.  £.  Smith  on 

the  diastatic  action  of  Saliva,  as  modified  by  vanous  conditions, 

studied  quantitatively  :S.  W.  Williston,  on  N.  A.  Conopid» 

(eoDclasioii) ;    A.   E.    Verrill,    Third   Catalogue  of   Mollusca 

recently    added  to  the  fauna  of   New   England  coast  and   the 

adjacent   Atlantic,  consisting  mostly  of  deep-sea  species,  with 

notes  on  others  previously  recorded,  with  4  plates ;  K.  J.  Bush, 

Mollosoa  ot  Cape  Hatteras,  with  one  plate. 

Professor  Verriirs  paper  reports  that  the  Cephalopoda  here 
described  were  obtained  at  depths  between  600  and  2574  fathoms; 
the Gkistropoda  between  48  and  2574  fathoms;  and  one  species 
LanneUaria peUueida  has  this  great  range;  the  Scaphopoda  from 
70  to  1694  fathoms ;  the  Lamellibranchiata  at  vanous  depths 
down  to  2221  fathoms,  of  which,  species  of  Pecten  occur  down  to 
1525  fathoms,  of  Area  at  2021  fathoms,  and  of  Limopsis  at  2221 
ftthoms.  Two  Brachiopoda  are  included,  one  Atretia  gnomon 
1525-1694  fathoms,  and  Discina  Atlantica  1198-2021  fathoms. 

2.  A  Cat€Uogue  of  Scientific  and  Technical  Periodicals  (1665 

to  1882)  together  with  Chronological  Tables  and  a  Library  Check- 

Xirf,  by  H.  Cjlrrington  Bolton.     774  pp.  8vo.     Washington, 

1885.      Smithsonian   Miscellaneous  Collections,   No.  514. — This 

catalogue  with  its  chronological  tables  and    check  list  is   the 

result  of  a  number  of  years  of  work,  and  its  completeness  is  the 

more  remarkable  that  the  best  libraries  of  the  world  do  not  exist 

tbia  side  of  the  Atlantic.     The  volume  is  of  great  value  for  its 

earefnlly  prepared  alphabetized   list  of  scientific  and  technical 

feriodioala  of  all  nations;  but  this  value  is  very  much  enhanced 
y  the  addition  of  the  Chronological  Tables,  which  give  a  studewt 
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the  means  of  finding  the  date  of  any  volame  cited  in  a  reference 
and  thus  ascertaining  the  time  of  the  investigation  or  discovery 
referred  to.  Such  references  ought  always  to  have  the  date 
affixed,  but,  unfortunately,  the  great  majority  fail  of  this.  The 
work  has  been  handsomely  and  generously  printed  under  the 
auspices  of  the  Smithsonian  Institution,  and  makes  a  compact  and 
convenient  volume.  The  science  of  the  world  owes  much  to 
Professor  Bolton,  and  also  the  Smithsonian  Institution  for  the 
volume. 

3.  Contributions  to  North  American  Ethnology^  volume  v, 
4to.  Washington,  1882.  (U.  S.  Geograjjhical  and  Geological 
Survey,  J.  W.  Powell  in  Charge.) — ^This  important  volume  cod- 
tains  three  extended  memoirs,  illustrated  by  many  excellent  plates. 
The  subjects  are :  Observations  on  cup-shaped  and  other  lapidariao 
sculpture  in  the  Old  World  and  in  America,  by  Charles  Kau,  112 

On  prehistoric  trephining  and  cranial  amulets,  by  Robert 
letcher,  30  pp.  ;  A  study  of   the  manuscript  Troano,  by  Cyrus 
Thomas,  with  an  introduction  by  D.  G.  Brinton,  pp.  xxxvii  and  237. 

4.  The  Microscope  in  Botany:  A  Guide  for  the  Microscopic 
Investigation  of  Vegetable  Substances;  from  the  German  of  Dr. 
Julius  W.  Behbens  ;  translated  and  edited  by  Rev.  A.  B.  Her- 
vey,  assisted  by  R.  H.  Ward.  466  pp.  8vo,  Boston,  1885  (S.  E. 
Cassino  &  Co.). 

OBITUABT. 

M.  Henri  Fresca,  member  of  the  French  Academy  since  1872, 
and  distinguished  for  his  physical  researches  and  in  mechanical 
engineering,  died  on  the  21st  of  last  June. 

Si.  Henri  Milne  Edwards,  the  eminent  zoologist  of  France, 
author  of  works  on  general  zoology  and  the  Invertebrata,  and  ■ 
particularly  the  departments  of  Crustacea  and  corals,  died  in  July,  j 
m  his  86th  year,  having  been  born  in  Belgium,  at  Bruges,  on  | 
the  twenty-third  of  October  of  the  year  1800.  ^ 

Prof.   vV.  C.  Kerb,  State  Geologist  of  North  Carolina  for  I 
eighteen   years,  and   more  recently  connected  with  the  United  | 
States  Geological  Survey,  died  at  Asheville,  N.  C,  on  the  ninth  of 
August,  of  consumption.     Prof.  Kerr  was  an  excellent  observer 
in  geology,  and  in  his  few  publications  brought  out  results  of 
great  interest.     He  was  the  first  in  the  country  to  call  attention 
to,  and    rightly  explain,  the  unequal   steepness  in  the  opposite 
banks  of  streams,  where  flowing  through  yielding  deposits  (Rep. 
Geol.  N.  Carolina,  vol.  i);  and  the  first  to  appreciate  adequately 
and  describe  the  action  of  frost  in  producing  the  deep  movement 
and  bedded  arrangement  of  loose  material  on  slopes  (this  Journal, 
III,  xxi,  1881),  the  depth  in  North  Carolina  being  such  as  to 
indicate,  in   his  view,  the   unusual   conditions  of  a   Glacial  era. 
Ownng  to  deficient  appropriations,  only  one  volume  of  the  State 
Survey  Reports  has  been  published.     He  was  occupied  with  in* 
vestigations  under  the  United  States  Geological  Survey  when  his 
failing  health  brought  \i\s  \a\)ox«»  Xo  ^u  \m\\xsv^V^  <iloae. 
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Art.  XXXIL — On  the  Crumpling  of  the  Earth^s  Crust;*    by 

William  B.  Taylor. 

The  causes  and  conditions  of  the  vast  series  of  movements 
[    wUch  have  taken  place  throughout  the  earth^s  crust,  present 
perhaps  the  most  fundamental  problem  of  physical  or  dynam- 
ical geology.    And  yet  this  problem  is  one  of  the  most  diffi- 
cult and  unsettled  in  the  range  of  geological  inquiry.     It  is 
indeed  a  very  complex  one,  embracing  several  quite  distinct 
features.      The  enormous  lateral    compressions   which    have 
^erjwhere  crushed,  folded,  and  contorted  the  stratified  rocks, 
^^Iminating  in  vast  uptilted  and  fractured  mountain  ranges, 
^y  or  may  not  have  been  instrumental  in  the  elevation  of 
^ntinents,  and  the  depression  of  ocean-beds.     The  alternate 
^^Imdence  and  emergence  through  miles  of  vertical  oscillation 
?f  continental  areas — successively  repeated  (by  the  agency  of 
^^temal  or  external  influences) — may  or  may  not  be  correlated 
^ith  equivalent  upheavals  and    submergence  of   the  present 
beanie  areas.     And  whether  we  infer  with  some  geologists 
^t  ocean  and  continent  have  more  than  once  changed  places, 
Of  on  the  other  hand  conclude  with  Dana,  and  others,  that  the 
skeletons  of  the  existing  continents  were  rudely  blocked  out 
lod  the  foundations  of  the  great  deep  laid  down  in  pre-archaean 
times,  we  are  on  either  supposition  beset  with  grave  and  pecu- 
liar alternative  perplexities.     The  hypothesis  of  Joseph  Le- 

*Beed  before  the  Philosophical  Society  of  Washington,  May  23,  1885. 

Ax.  JouB.  Sol— TmBD  Sebies,  Vol.  XXX,  No.  178.— Oot.,  1885. 
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Conte,  and  others,  that  the  tangential  stresses  of  secular  lateral 
compression  have  resulted  in  very  great  differences  of  thicken- 
ing in  the  crust,  deepening  simultaneously  the  foundations  of 
the  mountains  as  they  were  slowly  protruded  upward,  while 
leaving  the  great  depressions  proportionately  attenuated,  so 
that  the  internal  topography  of  the  shell  is  an  obverse  corre- 
sponding closely  with  its  external  contours, — although  an 
hypothesis  framed  for  the  avoidance  of  supposed  hydrostatical 
difficulties  in  the  conception  of  a  layer  of  approximately  uniform 
thickness,  floating  on  the  liquid  abyss, — is  yet  on  both  geo- 
logical and  physical  grounds  exposed  to  at  least  as  weighty 
objections. 

It  is  proposed  in  this  communication  to  consider  only  the 
probable  origin  of  that  great  contraction  of  the  terrestrial 
crust  so  widely  manifested  in  its  plications  or  crumplings,  in- 
creasingly marked  as  we  approach  the  great  oceans. 

The  liquidity  of  our  globe,  and  the  relative  thinness  of  its 
incrusted  envelope, — as  attested  by  all  legitimate  ^'eofoyibol  in- 
duction,— will  be  assumed  without  misgiving  or  hesitancy; 
and  the  supposed  mathematical  arguments  for  its  solidity- 
ignored  as  essentially  fallacious  and  wholly  inconclusive.  It 
must  be  lamented  that  the  professional  mathematicians  have  as 
yet  contributed  nothing  to  the  advancement  or  to  the  exten- 
sion of  geologic  theory : — not  from  lack  of  analytic  skill  in  a 
Thomson,  or  a  Darwin,  but  from  the  want  of  proper  data  to 
justify  the  conclusions  they  have  so  boldly  hazardea. 

On  the  universal  recognition  from  numerous  evidences  that 
our  earth  is  a  cooling  globe,  still  highly  heated  within,  the 
suggestion  by  Elie  de  Beaumont,  in  1830,  that  "  the  inequality 
of  cooling  [between  the  interior  and  exterior  portions]  would 
place  the  crusts  under  the  necessity  of  continually  diminishing 
their  capacities  ...  in  order  that  they  should  not  cease  to 
embrace  their  internal  masses  exactly,"  and  that  this  condition 
**  may  with  great  probability  completely  account  for  the  ridges 
and  protuberances  which  have  been  formed  on  the  external 
crust  of  the  earth:"* — this  seemed  so  natural  and  obvious  an 
explanation,  that  it  commanded  a  very  general  assent  among 
geologists-t 

*Phil.  Mag.,  Oct.,  1831,  vol.  x,  pp.  263,  264. 

f  "  Elie  de  Beaumont  and  some  other  geologists  have  attributed  these  effects 
and  especially  the  elevation  of  mountains  to  the  contraction  of  a  cooling  globe, 
and  this  appears  to  be  the  only  one  adequate  for  the  results.  ...  In  attributing 
the  plications  of  the  earth's  crust  and  the  elevation  of  most  mountains  to  a  lateral 
pushing  movement  within  the  crust,  there  is  nothing  hypotheticaL      The  state- 
ment is  the  expression  simply  of  a  fact.     The  conclusioii  that  this  tension  [com- 
pression] is  due  to  the  contraction  of  a  cooling  globe  has  not  yet  been  fullj 
established.     It  is  here  adopted,  because  no  other  that  is  at  all  adequate  has 
been  presented." — Prof.  J.  D.  Dana,  Manual  of  Otology,  1863,  part  iv,  chap,  tv 
sect.  1,  pp.  721  and  726. 
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ere  were  not  wanting  some  however  who  questioned  the 
iency  of  the  cause  to  accomplish  the  observed  results; 
our  colleague  Captain  C.  E.  Button  some  ten  or  twelve 
\  ago  with  great  acuteness  pointed  out  the  entire  inade- 
jT  of  the  "  Contractional  Hypothesis/'  from  an  engineering 
[•point.* 

'.  Robert  Mallett,  a  zealous  supporter  of  the  contractional 
thesis,  estimated  that  the  diameter  of  the  earth  is  now 
1 189  miles  less  than  it  was  when  entirely  fluid.t  That  is, 
the  surface  has  collapsed  ninety-four  miles.  Liberal  as  is 
allowance  (a  surface  contraction  linearly  of  A^),  it  would 
be  utterly  insufficient  to  represent  the  actual  average  of 
»ression.  But  in  point  of  fact,  the  whole  amount  of  cool, 
ind  therefore  of  possible  contraction  by  cooling,  has  been 
much  less  than  has  generally  been  assumed.^: 
No  permanent  crust  could  have  been  formed  upon  the 
jn  globe  until  convective  currents  had  well  nigh  ceased ; 
is,  until  the  entire  mass  had  cooled  down  very  nearly  (say 
ihin  a  hundred  degrees  F.)  to  the  congealing  point.§ 
After  the  formation  of  a  permanent  crust,  the  greater 
Df  the  heat  escaping  through  it  would  probably  have  been 
'  latent  heat "  from  consolidation  of  new  accessions  to  its 
surface,  with  little  reduction  of  the  sensible  temperature 
e  inner  mass. 

Whatever  expansion  by  freezing  or  consolidation  of  such 
sions  to  the  inner  surface  might  occur,  would  to  their  ex- 
x)unteract  the  effects  of  interior  shrinkage. 
The  further  escape  of  the  encased  heat  through  several 
1  of  so  poor  a  conductor  as  the  earth's  crust,  must  have 
gone  on  with  extreme  and  ever  lagging  slowness ;  and 
through  the  lapse  of  a  million  centuries,  must  have  been 

is  Journal,  1874,  voL  viii,  pp.  113-123.  The  Rev.  Osmond  Fisher,  in  his 
fl  of  the  Earth's  Crust  (8vo,  Lond.,  1881),  has  also  successfully  attacked 
pothesis,  chapter  vii,  pp.  73-75. 

iL  Trans.  Roy.  Soc.,  June  20,  1872,  vol.  clxiii,  pp.  147-227. 
i  we  were  to  assign  thirty  miles  as  the  diminution  of  the  earth's  mean 
since  the  first  formation  of  a  cooled  exterior,  we  should  probably  reach  the 
;  limit  consistent  with  Fourier's  theorem." — C.  E.  Dtttton,  this  Journal,  1874, 
ii,  p.  121. 

*.  William  Hopkins,  the  author  of  the  unfortunate  "  precession  "  argument 
t  a  fluid  earth  (or  rather  against  a  flexible  earth-crust),  in  the  same  memoir, 
tmarks :  *'  If  the  matter  composing  the  globe  was  originally  in  a  high  state 
iity  from  heat,  the  process  of  cooling  would  undoubtedly  in  the  first  in- 
be  by  circulation."  And  even  supposing  solidification  to  commence  at  the 
he  maintains:  ''The  superficial  parts  of  the  mass  must  in  all  cases  cool 
Dst  rapidly ;  and  now  (in  consequence  of  the  imperfect  fluidity)  being  no 
able  to  descend,  a  crust  will  be  formed  on  the  surface ;  from  which  the 
3  of  solidification  will  proceed  far  more  rapidly  downward,  than  upward 
>  solid  nucleus." — Phil.  Trans.  Roy.  Soc^  January  17,  1839,  vol.  czxiz,  pp. 
(4. 


252       W.  B.  Taylor — Crumpling  of  the  EariKa  Crust. 

largely  compensated  by  the  frictional  heatcontinQally  generated 
by  the  tidal  waves  in  the  superior  layera* 

Indeed  we  may  venture  the  opinion  that  the  ultimate  refrige- 
ration of  a  body  like  the  earth  must  req^uire  a  period  of  time 
whose  curve  would  be  almost  hyperbolic  to  tne  asymptote; 
and  that  the  entire  solidification  of  a  planet  has  not  yet  oc- 
curred in  the  solar  sjstem.  Even  our  Moon,  with  a  mass  less 
than  one-eightieth  of  our  own,  and  with  an  exterior  cooled 
probably  below  the  freezing  point  of  mercury,  may  still  be 
very  hot  if  not  partially  molten  within.f 

The  volumetnc  contraction  of  our  globe  since  the  formation 
of  its  crust  may  therefore  be  regarded  as  practically  very 
insignificant  On  the  other  hand  if  we  attempt  to  form  an 
idea  of  the  amount  of  average  shortening  of  the  strata  in  a 
given  zone  about  the  earth,  from  the  amount  of  corrugation 
and  displacement  observed  (assuming  from  the  analogy  of  sab- 
marine  contours  that  a  corresponding  d^ree  of  compressioD 
exists  throughout  the  ocean  beds),  an  allowance  of  one-eleventh, 
or  of  a  primitive  excess  by  one-tenth  of  the  present  girth, 
would  probably  not  be  regarded  by  the  geologist  as  an  undae 
assumption,  rrofessor  Alphonse  Favre  of  Geneva  in  detailing 
some  experiments  to  reproduce  by  lateral  compression  in  layers 
of  tenacious  clay,  the  plications  of  strata,  has  estimated  a  linear 
contraction  of  one-third,  as  exhibited  by  portion3  of  the  Swiss 
Alps.:^  Our  own  Appalachians  and  western  Sierras  probably 
inaicate  as  great  an  amount  of  shortening. 

But  an  expansion  of  the  circumference  of  a  sphere  by  one- 
tenth,  involves  an  increase  of  its  volume  of  one-third ;  of  coune 
a  wholly  inadmissible  assumption  on  any  hypothesis  of  the 
formation  of  a  crust.  The  conception  of  a  gaseous  or  vaporous 
intumescence  of  a  body  like  the  earth  may  be  dismissed  at  onoe, 
as  simply  opposed  to  physical  possibility.§  j 

*Mr.  George  H.  Darwin  has  estimated  that  the  internal  heat  developed  bj    \ 
*'  the  lengthening  of  the  sidereal  day  from  6h.  36m.  to  23h.  56m.  would  be  sofr 
cient  (if  applied  all  at  onoe)  to  heat  the  whole  mass  about  3000"  F.,  suppodn^    i 
the  earth  to  have  the  specific  heat  of  iroD." — Phil.  Ihans.  Boy.  Soe^  Dec.  19, 18YS,    'j 
vol.  clzz,  pp.  495  and  535.     And  in  a  subsequent  memoir,  oomputing  this  put 
transformation  of  energy  as  equal  to  thirteen  and  a  half  times  the  whole  remtiih 
ing  kinetic  energy  of  the  present  rotation,  he  arrives  at  the  somewhat  stazt&if 
conclusion:  '^Thus  it  appears  that  at  the  present  rate  of  loss,  the  iotemalfHo- 
tion  gives  a  supply  of  beat  for  3560  million  years."    (Same  volume,  pp.  561  ini 
592.)    He  infers  however  that  only  about  one-fiHleth  of  t^e  present  downwud 
increase  of  temperature  is  referable  to  the  past  internal  fHction. 

f  This  is  of  course  in  very  strong  antagonism  to  the  condusioni  reached  hf 
Sir  William  Thomson's  elaborate  calculations. 

(La  Nature,  Sept.  28,   1878,  vol.  vi,  part  ii,  pp.  278-283.    A  f\iU  abitiactcf 
the  paper  is  given  in  Nature,  Dec.  5, 1878,  vol.  xix,  pp.  103-106. 

§  This  suggestion  is  broached  by  Mr.  Fisher  in  his  Physics  of  the  Baiih'i 
Crust,  and  appears  to  be  in  some  sense  maintained  in  a  recent  German  work  (not 
Been   by  the  present  writery  on  TettQ^XnoX  ^Vv^^va  (\^^\>  by  Von  Siegmuad 
Gunther. 
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What  solatioD  of  this  seeming  pandox  have  geologists  to 
fer,  after  the  demolition  of  the  '^contraction  hypothesis?" 
A  yet  none  has  appeared.  It  would  seem  then  that  the  prob- 
im  mnst  be  attached  from  a  different  quarter. 
For  a  century  it  had  been  observed  by  astronomers  that  the 
toon's  path  exnibited  a  small  acceleration  (amounting  to  about 
0"  or  IV  in  a  century),  not  accounted  for  by  theorv.  Laplace 
iTestigating  the  problem,  showed  that  as  a  result  of  the  secular 
iminution  of  the  earth's  orbital  eccentricity,  there  should  be 
D  acceleration  of  the  moon  of  about  10^^  in  a  century.  And  he 
nnoanoed  it  as  established  from  a  computation  of  the  ancient 
dipses  that  our  '*  sidereal  day  has  not  changed  by  so  much  as 
De-hundredth  of  a  second  since  the  time  of  Hipparcbus."* 
Thai  remarkable  man,  Dr.  Julius  B.  Mayer  oi  Heilbroun,  in 
is  very  original  essay  on  '* Celestial  Dynamics"  published  in 
}48,  showM  that  as  the  oscillations  of  the  pendulum  require 
»r  their  maintenance  a  constant  expenditure  of  power,  so 
[ually  do  the  oscillations  of  the  ocean  tidal  wave.  '^  The  mov- 
g  waters  rub  against  each  other,  against  ibe  shore,  and  against 
e atmosphere;  and  thus  meeting  constantly  with  resistance, 
ould  soon  come  to  rest,  if  a  vis  viva  did  not  exist,  competent 
overcome  these  obstacles.  This  vis  viva  is  the  rotation  of  the 
irth  on  its  axis;  and  the  diminution  and  final  exhaustion 
tereof  will  be  a  consequence  of  such  action.  7%e  tidal  wave 
maea  a  diminiUion  of  the  velocity  of  the  rotation  of  the  earths  In 
lenext  chapter,  discussing  the  consequence  of  Laplace  s  demon- 
ration  of  the  constancy  of  the  length  of  the  day  in  historic 
mes,  Mayer  continued  :  *'  This  result,  as  important  as  it  was 
)nvenient  for  astronomy,  was  nevertheless  of  a  nature  to  create 
Nne  difficulties  for  the  physicist  With  apparently  good  rea- 
>n  it  was  concluded  that  if  the  velocity  of  rotation  had  re- 
tained constant,  the  volume  of  the  earth  could  have  undergone 
0  change  [by  loss  of  beat].  .  .  .  The  earth's  radius  measures 
,869,800  meters,  and  therefore  its  length  ought  not  to  have 
iminished  more  than  15  centimeters  [6  inches]  in  25  centuries. 
.  .  Considering  what  is  known  about  the  expansion  and  con- 
action  of  solids  and  liquids  by  beat  and  cold,  we  arrive  at  the 
mclusion  that  for  a  diminution  of  one  degree  [C]  in  tempera- 
ire,  the  linear  contraction  of  the  earth  cannot  well  be  less  than 
le  hundred-thousandth  part.  .  .  .  The  reason  why  in  spite  of 
lis  accelerating  cause,  the  length  of  the  day  has  nevertheless 
mained  constant  since  the  most  ancient  times,  must  be  at- 
ihuted  to  an  opposite  retarding  action.  This  consists  in  the 
traction  of  the  sun  and  moon  on  the  liquid  parts  of  the  earth's 
irface,  as  explained  in  the  last  chapter.     According  to  the  cal- 

*  Sir  John  Herachers  Outlines  ot  Astronomy,  chap.  xvUi,  aec.  ^0%.    V?*^  \a- 
\oe'8  Traits  de  MScanique  Celeste;  torn,  ii,  liy.  6,  and  torn.  i\i,  \W,  *l.> 
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culatioDS  of  this  chapter,  the  retarding  pressure  of  the  tides 
against  the  earth's  rotation,  would  cause— during  the  lapse  of 
2,500  years — a  sidereal  day  to  be  lengthened  to  the  extent  of 
one-sixteenth  of  a  second.    As  the  length  of  the  day  however 
has  remained  constant,  the  cooling  efifect  of  the  earth  during 
the  same  period  of  time,  must  have  shortened  the  day  odo- 
sixteenth  of  a  second.    A  diminution  of  the  earth's  radius  to 
the  amount  of  4|  meters  in  2,600  years,  corres{>onds  to  this 
effect.     Hence  in  the  course  of  the  last  25  centuries,  the  tem- 
perature of  the  whole  mass  of  the  earth  most  have  decreased 
one-fourteenth  of  a  decree  [0.]."*   In  this  ingenious  adjustment, 
the  eminent  philosopher  douotless  greatly  over-estimated  the 
earth's  cooling  and  consequent  contraction,  in  order  to  com- 
promise the  *'  difficulties  of  the  physicist "  with  the  authority 
of  the  astronomer. 

In  1858,  our  colleague  Mr.  William  Ferrel  in  a  paper  "On 
the  effect  of  the  Sun  and  Moon  upon  the  rotatory  motion  of  the 
Earth,"  independently  undertook  the  mathematical  investiga- 
tion :  the  very  name  of  Mayer  being  then  (it  is  scaroely  neces- 
sary to  state)  as  wholly  unknown  in  this  country  as  it  was  in 
England.  In  this  important  paper  it  is  shown  that  external 
forces  of  the  second  order — neglected  by  Laplace  as  producing 
no  sensible  effect  upon  the  rotation  period,  are — though  very 
small — decidedly  appreciable,  and  **  must,  if  not  counteracted 
by  some  other  effect,  produce  a  sensible  variation  in  the  earth's 
rotatory  motion."  Assuming  a  lunar  ocean  tide  of  two  feet,  with 
a  lag  of  two  hours,  Mr.  Ferrel  estimated  an  equatorial  retarda- 
tion of  37  miles  per  century,  increased  by  the  solar  tide  to  44 
miles  per  century,  which  would  give  an  apparent  lunar  acceler- 
ation of  1'  24''  in  a  century.  **As  no  such  acceleration  has 
been  observed — above  what  is  accounted  for  otherwise,  the 
rotatory  motion  of  the  earth  must  be  nearly  uniform ;  and  the  \ 
above  effect  of  the  sun  and  moon  must  be  accounted  for  by  the 
gradual  contraction  of  the  earth  through  a  loss  of  temperature." 
This  would  require  a  subsidence  of  the  surface,  or  a  reduction 
of  the  earth's  radius  (supposing  the  contraction  equable  throagh 
the  mass),  of  about  one  foot  per  century .f  j 

In  the  same  year,  a  few  months  earlier,  Mr.  John  C.  Adams 
in  a  careful  memoir  **  On  the  secular  variation  of  the  moon's 

*  L.  E.  D.  Phil.  Ma^.,  May  and  June,  1863,  vol.  xzr,  pp.  403,  and  433-4)1. 
Also  Am.  Jour.  Sci.,  1864,  vol.  xxxviii,  pp.  398,  and  409-413. 

t  Gould's  Aatronom.  Jour.,  Dec.  8,  1883,  vol.  iii,  pp.  138-140.  In  this  paper 
(p.  141),  Mr.  Ferrel  shows  that  the  similar  retarding  effect  of  the  earth  upon  a 
primitive  rotation  of  the  moon  (supposed  originally  fluid)  must  be  662  times 
greater  than  the  converse  earth  retardation ;  and  that  this  therefore  sufficieotlj 
explains  the  present  reduction  of  the  moon's  rotation  to  the  period  of  a  hmar 
month.  This  is  believed  to  be  the  first  suggestion  of  the  now  accepted  cause  of 
thiB  peculiarity  of  the  moon.  M.T.  F^hqVe  paper  is  dated  September,  1853.  A 
aimilar  explanation  was  ofleied  by  B.e>\m^o\VL  V[i>i[i^  ^^JCkssTfoi^'^^wt, 
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mean  motioD/'  pointed  out  an  incompleteness  in  Laplace's  inves- 
tigation by  the  n^lect  of  a  certain  series  of  terms;  and  he 
showed  that  the  effect  of  this  series  would  be  to  reduce  the 
ictual  acceleration  due  to  the  diminution  of  eccentricity  in  the 
earth's  orbit  to  about  V ;  leaving  the  residual  discrepancy  of 
il'  or  y  of  acceleration  (as  compared  with  the  positions  indi- 
cated from  the  ancient  eclipses!  to  be  still  accounted  for.* 

Herman  Helmholtz,  in  a  lecture  on  the  "Interaction  of 
Natural  Forces,"  delivered  at  Konigsberg,  Feb.  7,  1854  (with- 
out knowledge  of  Adams'  work),  pointed  out  to  his  hearers 
that  ''The  motions  of  the  tides,  however,  produce  friction ;  all 
friction  destroys  vis  viva^  and  the  loss  in  this  case  can  only 
affect  the  vi»  mva  of  the  planetary  system.  We  come  thereby 
to  the  unavoidable  conclusion  that  every  tide— ^though  with 
indefinite  slowness,  still  with  certainty— oiminishes  the  store  of 
mechanical  force  of  the  system ;  ana  as  a  consequence  of  this 
the  rotation  of  the  planets  around  their  axes  must  become  more 

tlow."t 
Charles  Delaunay,  who  with  fine  analytic  skill  had  for  several 

years  been  enffagea  on  the  theory  of  the  moon,  in  1859  under- 
took a  careful  examination  of  the  results  obtained  by  Mr. 
Adams,  which  imp^ched  the  accuracy  of  his  great  country- 
man, I^place;  ana  in  a  memoir  "On  the  secular  acceleration 
of  the  mean  movement  of  the  Moon/  presented  to  the  French 
Academy,  he  fully  confirmed  the  bold  criticism  of  Mr.  Adams.:^ 
And  he  affirmed  that  the  necessary  elongation  of  the  day  by 
tidal  retardation  is  quite  competent  to  account  for  the  apparent 
residual  acceleration  of  the  moon. 

In  1862  the  eminent  mathematician,  Arthur  Cay  ley,  inde- 
pendently investigated  the  problem ;  and  in  a  paper  ''  On  the 
secular  acceleration  of  the  Moon's  mean  motion,  he  also  cor- 
roborated the  correctness  of  Mr.  Adams'  great  discovery.§ 

In  1864,  eleven  years  after  his  first  suggestive  memoir, 
Mr.  Ferrel  returned  to  the  subject  of  the  elougation  of  our 
day.  In  a  "Note  on  the  influence  of  the  Tides  m  causing  an 
apparent  secular  Acceleration  of  the  Moon's  mean  motion,  he 
remarks :  "At  the  time  of  the  original  publication  of  Mayer's 
paper,  and  also  at  the  time  of  my  own,  Laplace's  result  of 

*  PhU  Trans.  Roy.  Soc.,  June  16,  1853,  vol  cxliii,  pp.  397-406.  Also  Monthly 
NotioeB,  Roy.  Astr.  Soc.,  1853,  vol.  xiv,  pp.  59-62.  And  Reply  to  Objections, 
M.  N.,  I860,  yoL  zz,  pp.  225-240,  and  279-280. 

t  L.  E.  D.  Phil.  Mag.,  June,  1856,  vol.  xi,  p.  513.  Also  Am.  Jour.  Sci.,  1857, 
foL  xziy,  p.  212. 

X  Comptes  Rendas  Acad.  Sci.,  Jan.  17  and  April  25,  1859,  vol.  zlviii,  pp.  137, 
138,  and  817-827.  Also  numerous  papers  on  the  subject  in  succeeding  yolumes. 
Bspecially  a  paper  ''On  the  apparent  acceleration  of  the  mean  motion  of  Uie 
Moon,  doe  to  the  actions  of  the  Sun  and  Moon  on  the  waters  of  Uie  sea." — 
Comptes  Rendus,  1866,  vol.  xlii,  pp.  197-200,  575-579,  704-707,  etc. 

§  MoDthij  Notions,  Boy.  Aatr.  Soc.,  1862,  voL  x»i,  pp.  11\-^^0. 


266      TT.  B.  Tcuyl(n^—Crvmpl/mg  of  the  Ea/rWa  Crust. 

aboat  11^  per  century  for  the  amount  of  acceleration  of  tb( 
moon's  mean  motion  arising  from  a  secular  change  of  tbc 
eccentricity  of  the  earth's  orbit  was  supposed  to  be  correct; 
but  since  that  time  it  is  known  that  Adams  and  Delaunay,  and 
also  Quite  recently,  Mr.  Cayley,  have  all  obtained  less  than  6" 
for  the  amount  of  secular  acceleration  per  century.  This 
determination,  compared  with  the  most  reliable  determination 
of  the  acceleration  aeduced  from  the  discussion  of  the  recorded 
observations  of  ancient  eclipses,  leaves  about  6^'  to  be 
accounted  for  by  tidal  action  or  some  other  unknoum  cautt^ 
He  then  proceeds  to  state  that  Mayer's  hypothesis  of  a  one 
and-a-quarter  hour  retardation,  and  his  own  of  a  two-honi 
retardation  of  the  tidal  wave,  ^*  are  both  much  too  great  to  \a 
reasonable  hypotheses,  or  to  be  necessary  to  account  for  the 
balance  of  the  moon's  secular  acceleration  over  and  above  tht 
late  determination."  And  he  concludes  ^'  that  tidal  action  it 
adequate  to  account  for  6'^  of  secular  acceleration  upon  a  vei} 
reasonable  and  probable  hypothesis  with  re^rd  to  the  magni- 
tude and  retardation  of  the  tidal  wave  by  fnction  after  making 
due  allowance  for  the  effect  of  a  probable  contraction  of  the 
earth's  volume."* 

In  1867,  Prof.  William  Thomson,  discussing  the  same  subject 
says:  '^Tbe  tides  must  tend  to  diminish  the  angular  velocity 
of  the  earth's  rotation,  and  this  tendency  is  not  counterbalanced 
to  more  than  a  very  minute  degree  by  the  tendency  to  accele- 
ration which  results  from  secular  cooling  and  shrinkagc'^f 

This  brief  historic  summary  has  been  introduced  to  empha- 
size the  strengthening  conviction  among  physicists  of  the 
necessary  variability  of  that  standard  unit  of  time,  which  to 
the  astronomers  had  seemed  the  most  permanent  constant  of 
our  solar  system.  And  these  references  serve  to  establish 
beyond  a  reasonable  doubt  the  remarkable  fact  that  our  present 
day  is  considerably  longer  than  the  day  of  early  geologic 
times.  For  nearly  two  centuries  has  the  moon  been  seen  in 
advance  of  its  periodic  position — to  the  small  amount  (as  esti- 
mated from  ancient  eclipses),  of  about  ten  or  eleven  seconds  oi 
angle  per  century.  Of  this  relative  displacement  about  one 
half  is  now  known  to  be  due  to  the  actual  falling  behind  ol 
the  terrestrial  observer,  and  the  other  half  to  Laplace's  great 
discovery — the  influence  of  the  diminishing  eccentricity  of  the 
telluric  orbit.J 

Mr.  George  H.  Darwin  (as  is  well  known)  has  in  recent  yean 
been  engaged  in  elaborate  investigations  of  this  subject,  and  he 
has  drawn  some  important  consequences  from  his  discussion. 

*  Proceedings  Am.  Acad.  Arts  and  Sci.,  Dec.  13,  1864,  voL  vi,  pp.  3t9-383. 
f  Thomson  and  Tait's  Natural  Philosophy,  1867,  vol.  i,  Sec.  830,  p.  686. 
f  An  influence  which  mMSl  T^«ie\i  \\a  Vtd^nat  VissaI  \\i  o^bout  one  precesiion 
period. 
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9  says :  "As  we  look  at  tho  whole  series  of  changes  from  the 
mote  past,  the  ellipticity  of  figure  of  the  earth  must  have 
len  coDtiDually  diminishinff,  and  thus  the  polar  regions  mast 
iTe  been  ever  rising,  and  tne  equatorial  ones  falling ;  but  as 
e  ocean  always  followed  these  changes  they  might  quite  well 
i?e  left  no  geological  traces.  The  tides  must  have  been 
vrj  much  more  frequent  and  much  larger,  and  accordingly 
te  rate  of  oceanic  denudation  much  accelerated.  The  more 
pid  alternations  of  day  and  night  would  probably  lead  to 
ore  sadden  and  violent  storms,  and  the  increased  rotation  of 
le  earth  would  augment  the  violence  of  the  trade  winds, 
hieh  in  their  turn  would  affect  oceanic  currents.  Thus  there 
oald  result  an  acceleration  of  geolo^cal  action.''* 
In  this  suggestive  retrospect  one  important  physical  condi- 
on,  however — which  probably  fias  '4eft  its  geological  traces" 
1  our  globe-— does  not  appear  to  have  attracted  the  author's 
tention.  A  shell  formed  upon  the  spinning  earth  when  its 
)latene8B  was  considerablv  greater  than  at  present  obviously 
mid  not  fit  the  spheroid  as  the  ellipticity  of  its  meridians 
iminished.  Not  only  would  the  crust  be  quite  sensibly  too 
rge,  as  a  whole,  but  especially  would  its  equatorial  girth  have 
•  be  notably  reduced. 

If  in  imagination  we  may  carry  back  the  formation  of  a  con- 
Btent  crust  (of  some  few  miles  thickness)  to  an  epoch  when 
m  rotation  of  our  planet  was  at  four  times  its  present  rate — 
i&t  is,  when  the  day  measured  but  six  of  our  hours, — the  equa- 
irial  radius  (assuming  a  true  ellipsoid  of  revolution,  and 
fleeting  the  small  amount  of  contraction  by  loss  of  heat), 
oald  have  been  about  one-tenth  greater  than  it  now  is,  or 
169  miles;  and  the  polar  radius  about  one-sixth  less,  or  8291 
lies.  In  other  words,  the  poles  would  have  been  about  658 
iles  nearer  the  center  of  the  earth  than  they  are  at  present, 
id  the  equatorial  protuberance  about  396  miles  higher  than  at 
resent 

With  an  equatorial  shell  one-tenth  greater  in  circumference 
lan  the  present  dimensions,  it  is  evident  that  from  the  very 
ow  but  never  ceasing  contraction  due  to  diminution  of  rota- 
)r7  motion,  this  crust  would  be  subject  to  an  unremitting 
ress  of  lateral  compression  as  relentless  as  that  from  the  old 
ypothetic  shrinkage  of  volume  by  reduction  of  temperature. 
3  it  not  precisely  this  morphologic  contraction  whose  eflfects 
nd  records  are  everywhere  apparent  in  the-  crumpling  of  the 
arth's  crust?  Here  is  a  true  cause :  here  is  a  sufficient  cause : 
ere  is  a  necessary  cause — so  importunate  that  it  cannot  readily 
e  dispensed  with  or  explained  away. 
An  objection  to  this   hypothesis,  based   on   the   supposed 

*  Pbil  Trans.  Roy.  Soa,  Pecember  19,  1878,  vol.  dxx,  p.  ^^1. 
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solidification  of  our  planet  since  its  present  form  has  been 
reached,  requires  a  notice  here,  rather  trom  the  character  of  its 
source,  than  from  its  own  intrinsic  force  or  importance. 

Professor  William  Thomson,  adopting  Mr.  Adams'  estimate 
of  tidal  retardation,  thus  argues :  ^'  \i  the  rate  of  retardation  had 
been  uniform  since  ten  million  centuries  back,  the  earth  most 
have  been  then  rotating  faster  by  one-seventh  than  at  present, 
and  the  centrifugal  force  greater  in  the  proportion  of  64  to  49. 
If  the  consolidation  took  place  then,  or  earlier,  the  ellipticity 
of  the  upper  layers  of  equal  density  must  have  been  -^^  instead 
of  about  yf^  as  it  certainly  now  is.  It  is  impossible  to  escape 
the  conclusion  that  the  date  of  the  consolidation  is  considerably 
more  recent  than  a  thousand  million  years  ago.^ 

Professor  Peter  G-.  Tait  (as  if  not  to  be  outdone),  is  still 
more  emphatic  and  positive  in  his  enunciation.  He  says :  "  It 
being  thus  established  that  the  rate  of  rotation  of  the  earth  ia 
constantly  becoming  slower  the  question  comes:  How  long  ago 
must  it  have  solidified  in  order  that  it  might  have  the  partic- 
ular amount  of  polar  flattening  which  it  shows  at  present? 
Suppose,  for  instance,  it  had  not  consolidated  less  than  a 
thousand  million  years  ago.  Calculation  shows  us  that  at  that 
time,  on  the  most  moderate  computation,  it  must  have  been 
rotating  at  least  twice  as  fast  as  it  is  now  rotating.  That  is  to 
say,  the  day  must  have  been  12  hours  long  instead  of  34. 
Now  if  that  bad  been  the  case,  and  the  earth  still  fluid 
throughout,  or  even  pasty,  that  doable  rate  of  rotation  would 
have  produced  four  times  as  great  centrifugal  force  at  the 
equator  as  at  present,  and  the  flattening  of  the  earth  at  the 
poles  and  the  bulging  at  the  equator  would  have  been  much 
greater  than  we  find  them  to  be.  We  say  then,  that  because 
the  earth  is  so  little  flattened  it  must  have  been  rotating  at 
very  nearly  the  same  rate  as  it  is  now  rotating,  when  it  became 
solid.  Therefore,  as  the  rate  of  rotation  is  undoubtedly  becom- 
ing slower  and  slower,  it  cannot  have  been  many  millions  of 
years  back  when  it  became  solid,  else  it  would  have  solidified 
into  something  very  much  flatter  than  we  find  it."t 

The  supposition  that  a  granite  mountain  or  equatorial  pro- 
tuberance 400  miles  high  or  100  miles  high,  could  for  a 
moment  support  itself  would  hardly  be  entertained  by  a  prac- 
tical civil  engineer.^ 

It  is  now  nearly  forty  years  since  Herbert  Spencer,  with  a 
juster  physical  iasight,  contended  and  satisfactorily  showed 
that  a  solid  earth  (of  any  shape)  would  assume  the  oblate 

*  Nat.  Philos.,  1867,  vol.  i,  Sea  830,  p.  687. 

t  Lect  on  recent  advances  in  Phys.  Sci.,  1876,  lect.  vii,  pp.  173,  174. 
X  The  limiting  modulus  of  height  of  a  granite  pyramid  (equaling  one  side  of 
Ob  square  base),  is  somewhat  \e«a  t^au  eY^^e^i  m^^^. 
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eroidal  form  due  to  its  rate  of  rotation,  as  certainly  and 
nptly  as  if  it  were  liquid.* 

fianting  then  that  the  earth  were  solidified  with  an  oblate- 
I  such  as  has  just  been  assumed,  its  present  dimensions — 
probably  its  present  topography — ^would  not  be  very  dif- 
nt  from  what  we  now  find  them. 

(at  another  very  serious  error  in  the  estimates  of  both  these 
tations  should  not  be  overlooked.  While  it  is  quite  im^ 
iible  to  calculate  the  time  when  the  equatorial  radius  was 
-tenth  greater  than  at  present,  it  is  very  certain  that  any 
mates  based  on  the  existing  retardation  from  the  ocean 
8|  must  be  utterly  fallacious.  Not  only  has  this  tidal  action 
Q  continually  decreasing  (by  some  small  exponent)  from  the 
iest  times,  out  the  bodily  tides  of  the  liauid  or  solid  earth 
e  undoubtedly  played  a  far  greater  part  tnan  the  superficial 
Em  tides — in  the  aosorption  and  destruction  of  its  rotatory 
mentum.f  It  is  not  at  all  probable  therefore  that  it  has 
uired  ^*  a  thousand  million  years  "  to  effect  the  present  equa- 
al  contraction  of  one-eleventh  from  the  former  diameter  of 
18  miles. 

Phe  much  debated  question  of  the  probable  degree  of  rigidity 
>ur  planet  is  thererore  quite  irrelevant  to  the  problem  before 
And  yet  with  so  much  confidence  and  persistence  has  the 
-hypothesis  of  its  entire  solidity  been  maintained, — the 
iptation  is  strong  to  waste  upon  it  a  collateral  glance. 
?rofessor  William  Thomson  contends:  "Had  tbe  solid  part 
the  earth  so  little  rigidity  as  to  allow  it  to  yield  in  its  own 
ire  very  nearly  as  much  as  if  it  were  fluid,  there  would  be 
J  nearly  nothing  of  what  we  call  tides,  that  is  to  say,  rise 
1  fall  of  the  sea  relatively  to  the  land ;  but  sea  and  land 
;ether  would  rise  and  fall  a  few  feet  every  twelve  lunar 
lis.  This  would  (as  we  shall  see)  be  the  case  if  the  geological 
pothesis  of  a  thin  crust  were  true.     The  actual  phenomena 

"  However  great  in  a  g^ven  portioa  of  matter  m&y  be  the  ezoeas  of  the  form- 
lerriog  force  over  the  form-destrojing  force,  it  is  dear  that  if  during  augmen- 
OD  of  bulk  the  form-preserving  force  increases  only  as  tbe  aquarea  ot  the 
tensions,  while  the  form-destroying  force  increases  as  their  cu^et,  the  first 
St  in  time  be  overtaken  and  exceeded  by  the  last;  and  when  this  occurs  Uie 
tter  will  be  fractured  and  re-arranged  in  obedience  to  the  form-destroying 
n." — Herbert  Spencer.  And  the  author  estimates  that  *'the  most  tenacious 
«tance  with  which  we  are  acquainted — when  subjected  to  the  same  forces  that 

icting  upon  the  earth's  crust — would  exceed  the  limit  of  self-support  deter- 
aed  by  the  above  law,  before  it  attained  tlie  thousand-millfonth  of  the  earth's 
k."— L.  R  2>.  PML  Mag.,  March,  1847,  voL  xxx,  pp.  194-196. 
\  Mr.  G.  H.  Darwin  remarks :  **  Whatever  may  be  thought  of  the  theory  of  the 
loosity  of  the  earth  and  of  the  large  speculations  to  which  it  has  given  rise, 
)  fact  remains  that  nearly  all  the  effects  which  have  been  attributed  to  the 
tioo  of  bodily  tides  would  also  follow  (though  probably  at  a  less  rapid  rate), 
m  the  influence  of  oceanic  tides  on  a  rigid  nucleus." — FhiL  Trans.  Boy.  Soc, 
K.  19, 1878 :  vol.  dxx,  p.  538. 
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of  tides  therefore  give  a  secare  contradiction  to  that  hypothe- 
Bis."* 

That  a  siliceous  crust  of  20  miles  average  thickness,  and  an 
overlying  aqueous  ocean  of  three  miles  average  depth,  should 
have  (as  required  by  the  argument)  so  equal  a  coefficient  (rf 
mobility,  that  sea  and  land  could  thus  "  together  rise  and  fidl," 
might  well  be  pronounced  incredible,  rrofessor  Thomson 
himself  proceeds  to  very  seriously  damage  his  ''secure  contra* 
diction"  of  "  the  geological  hypothesis,"  by  adding  immediately 
after  the  passage  just  quoted  :  "  We  shall  see  indeed  presently 
that  even  a  continuous  solid  globe  of  the  same  mass  and  diame- 
ter as  the  earth  would  if  homogeneous  and  of  the  same  rigidity 
as  glass,  or  as  steel,  yield  in  its  shape  to  the  tidal  influence, 
three-fifths  as  much,  or  one-third  as  much,  as  a  perfectly  fluid 

globa"t 

When  we  have  learned  the  elements  of  depth,  inertia  and 

fluidity  of  the  disturbed  layers  beneath  the  geologi?  crust,  then 
and  not  till  then  may  the  beginnings  of  a  matnematical  theoiyof 
the  telluric  tides  be  attempted ;  and  some  plausible  measure  of 
their  ^Magging"  be  suggested.  But  in  our  profound  and  in* 
superable  ignorance  of  these  interior  conditions  determining  the 
magnitude  and  direction  of  the  tidal  crests,  it  is  idle  for  the 
mathematician  (with  whatever  array  of  formidable  differential 
equations)  to  gravely  assure  us  that  **  no  very  considerable  por* 
tion  of  the  interior  of  the  earth  can  even  aistantly  approach 
the  fluid  state.":j: 

It  is  in  fact  quite  incontrovertible,  that  whether  the  geologic 
crust  have  for  its  content  a  glowing  lava,  or  Thomson's  ideal 
steel,  it  is  equally  subject  to  lunar  and  solar  tides  fully  com- 
parable to  the  more  apparent  ocean  tides.  This  last  surviving 
argument  for  solidity,  from  the  theory  of  the  tides,  shoula 
therefore  be  dismissec)  as  being  no  less  futile  than  the  aban- 
doned argument,  from  the  theory  of  precession.§ 

♦  Nat.  Philos.,  1867,  vol.  i,  sect.  833,  p.  690.    Retaioed  in  the  new  edition. 

f  Same  work ;  sect.  833,  pp.  690,  691,  and  sect.  834,  pp.  691-^94. 

X  Mr.  George  H.  Darwin  in  a  very  abstract  memoir:  "On  the  bodily  tides  of 
viscous  and  semi-elastic  spheroids,  and  on  the  Ocean  Tides  upon  a  jielding 
nucleus,"  read  before  the  Royal  Society  of  London,  May  23,  1878,  arrives  at  the 
conclusion :  "  Unless  the  viscosity  were  very  much  larger  than  that  of  pitch,  the 
viscous  sphere  would  comport  itself  sensibly  like  a  perfect  6uid,  and  the  oeeio 
tides  would  be  quite  insignificant.  It  follows  therefore  that  no  very  considenble 
portion  of  the  interior  of  the  earth  can  even  distantly  approach  the  fluid  state."— 
Phil  Trans.  Roy.  Soc,  vol.  clxx,  p.  28. 

§  Professor  Thomson,  who  in  1 862  had  re-enforced  and  exaggerated  the  Hop- 
kins argument,  by  maintaining  that  the  earth's  defect  (by  deformation)  from  th6 
theoretical  amount  of  precession,  is  "  much  smaller  for  instance  than  it  would  be 
if  its  effective  rigidity  were  no  more  than  the  rigidity  of  steel,"  in  consequence  d 
an  oral  discussion  with  our  colleague  Professor  S.  Newoomb,  in  1876,  with  i 
frankness  worthy  of  all  praise,  made  a  full  surrender  of  the  poeitionf  in  hifl 
address  before  the  mathemalicaA  and  pYv-j^xcaV  «.ft<it\o\v  ol  tfeift  British  A^ssodatioD: 
Report  Brit.  Assoc,  Sept,  18*16,  voV  xWv  v«t\.  W,  ^^.  \-Vi\  wA >Ma.  ^^^.^^ 
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etornin^  to  the  consideration  of  the  varying  oblateneas  of 
terrestrial  ellipsoid,  and  its  geological  consequences,  we 
irally  inquire  what  indications  remain  to  corrooorate  or  to 
sir  our  hypothesis.  Gould  we  ascertain  the  approximate 
•ant  of  lateral  excess  of  shell  by  its  corrugations,  say  for 
\  parallel  zone  of  ten  degrees,  these  enlarged  circumferences 
ded  by  the  cosine  of  the  latitude  would  give  us  the  varia- 
B  (ji  any)  of  envelope,  throughout  a  given  meridian.  This 
f  course  entirely  beyond  our  reach.  We  may,  however, 
r  that  the  altitudes  of  mountain  ran^  should  bear  some 
3  proportion  to  the  general  amount  of  crumpling  in  nei^h- 
ng  districts;  and  that  at  least  some  approximate  indication 
bt  thus  be  afforded  or  suggested.  We  might  expect  that 
nmpolar  r^ons  should  be  free  from  mountains  or  plica- 
b;  and  that  the  inter-tropical  region  should  contain  the 
lest  elevations. 

*r.  Arnold  Ouyot,  in  his  excellent  summary  of  the  Physios 
he  Olobe,  prepared  for  Johnson's  Cyclopssdia,  gives  the 
>wing  characteristic  sketch :  ^*  In  the  New  World  therefore 

highest  lands  are  piled  up  in  the  southwest,  in  the  Old 
rid  in  the  southeast.  ...  On  the  whole,  the  reliefs  begin 
I  the  vast  low  plains  around  the  polar  circle,  and  go  on 
easing  from  the  shores  of  the  Arctic  Ocean  toward  the 
deal  r^ons.  The  highest  elevations  however  are  not 
id  at  the  equator,  but  north  of  the  Tropic  of  Cancer  in  the 

World,  in  the  Himalayas  28^  N.,  and  north  of  the  Tropic 
Capricorn  in  the  New  World,  in   the  Andes  of  Bolivia 

^he  same  eminent  and  conscientious  physiographer,  in  his 
er  on  the  Ocean,  remarks :  *^  On  the  whole,  the  ocean  beds 
ome  less  deep  toward  the  north  pole,  just  as  the  lands  be* 
le  lower  toward  the  same  region."f 

Q  this  significant  epitome — presented  certainly  with  no  view 
mpportine  an  hypothesis,  we  have  perhaps  as  striking  a 
gestion  of  greater  oblateness  in  former  times  as  we  could 
lect  to  find  preserved  to  us.     The  curious  circumstance  that 

bifirhest  lands  on  either  hemisphere  are  found  much  nearer 
lie  Tropics  than  to  the  Equator,  it  must  be  admitted,  is  diffi- 
t  of  explanation.    Theoretically  we  should  expect  no  sensi- 

differences  throughout  the  inter  tropic  zone.  We  may 
?ever  remember  that  the  tides  of  the  comparatively  thin 
1  yielding  crust  exert  their  greatest  influence  on  the  tropical 
es ;  being  for  the  lai^er  portion  of  the  year  very  near  to 

d  "  that  A  perfectlj  fluid  spheroid  has  a  precessioo  scaroelj  diiTering  from 
of  a  perfectlj  rigid  one." — Mr.  Darwin,  in  Phil  Trans.  Roy.  fibc,  Dec.  19, 
t,  ToL  dxz,  p.  525. 

Johnson's  C^rclopsBdia,  1875:  art.  "Earth,"  vol.  i,  p.  1455. 
^ame  work,  1877,  art.  "  Ocean,"  voJ.  iii,  p.  918. 
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those  circles  ;  while  the  equatorial  tides — during  the  equinoc- 
tial periods— occur  when  tne  sun  (and  the  mean  lunar  plane) 
have  their  most  rapid  change  of  declination.  If  it  be  said 
that  a  tidal  elevation  of  two  or  three  feet  is  too  utterly  insig- 
nificant a  space,  and  a  cycle  of  half  a  year  too  utterly  insig- 
nificant a  time  to  affect  the  vast  erections  of  secular  progression, 
the  reply  is  that  this  minute  relaxation  of  particular  zones^ 
unceasingly  repeated  and  continued — may  well  facilitate  the 
slow  but  gathering  movements  of  the  crust  from  its  strong 
compression,  and  may  even  to  some  extent  give  direction  to 
their  energies.  As  a  concurrent  though  perhaps  unimportant 
circumstance,  the  fact  may  be  mentioned  that  while  the  north- 
ern tropic  encounters  85  per  cent  of  dry  land,  and  the  soathern 
tropic  nearly  25  per  cent,  the  equator  embraces  but  21  per 
cent  of  land. 

George  Darwin,  discussing  the  differences  of  tidal  enei^y 
and  lagging  at  different  latitudes  (in  a  viscous  spheroid),  by 
reason  of  which  the  retarding  influence  is  greatest  at  the  eqna* 
torial  zone,  suggests  the  possibility  of  this  tendency  causing  a 
westward  drift  of  mountain  folds  and  continents  in  the  lower 
latitudes  (as  compared  with  polar  regions)  and  remarks: 
"There  can  be  little  doubt  that  on  the  whole,  the  highest 
mountains  are  equatorial,  and  that  the  general  trend  of  the 
great  continents  is  north  and  south  in  those  regions.  The 
theoretical  directions  of  coast  line  are  not  so  well  marked  in 
parts  removed  from  the  equator."*  Here  again,  the  striking 
significance  of  this  physiographic  generalization  appears  to  be 
strangely  overlooked. 

It  has  been  an  occasion  of  some  surprise  that  in  all  the  geo- 
logical literature  to  which  I  have  had  access,  I  have  been  able 
to  find  but  a  single  allusion  to  the  hypothesis  here  advanced 
in  explanation  of  the  palpable  tangential  compression  of  the 
earth's  exterior  strata. 

This  one  allusion  is  given  in  Mr.  0.  Fisher's  interesting 
work  on  the  **  Physics  of  the  Earth's  Crust,"  and  is  by  him 
referred  to,  only  to  be  dismissed  in  a  brief  paragraph.  His 
reference  is  as  follows :  **  The  friction  of  the  tides — whether 
oceanic  or  bodily — must  necessarily  have  diminished  the  rota- 
tional velocity,  and  lessened  the  oblateness.  The  parts  of  the 
crust  about  the  poles  will  consequently  have  been  subjected  to 
stretching,  and  those  about  the  equator  to  compression.  There 
is  however  no  apparent  reason  immediately  to  connect  the  in- 
equalities with  this  cause,  for  the  continents  do  not  occupy  an 
equatorial  belt — as  they  would  do  under  this  hypothesis,  nor 
have  the  polar  regions  been  free  from  the  compression  which 
all  continental  areas  have  experienced. "f 

*Phil.  Trans.  Roy.  Soc,  Ik>G.  \^,\^*^^^^^V  Oixx.^^k^^, 

f  Physics  of  the  EartJa'a  OrMftt,  ^\o,  Ijotl^^  ^»^\^  <2aK^.  xc^^-^.v^^. 
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he  expansion  or  stretching  of  the  polar  re^ons — ^referred 
hough  probably  less  than  Mr.  Fisher  would  imagine,  would 
Gittendea  with  no  dislocations,  and  would  leave  no  traces, 
rust  of  ten  or  twenty  miles  depth  pressing  upon  its  interior 
?nth  a  weight  of  five  thousand  or  ten  thousand  tons  to  the 
ire  foot,  would  flow  (excepting  its  exterior  film  of  a  mile 
;wo), — on  any  relief  of  lateral  pressure — as  quickly  and  as 
'onnly  as  so  much  plastic  clay. 

o  Mr.  Fisher  therefore  belongs  (so  far  as  I  am  aware)  the 
lit  of  the  first  suggestion  of  a  possible  connection  between 
ation  of  oblateness  and  mountain-building ; — even  though 
him  discarded.  He  does  indeed  on  the  following  page 
ir  to  the  topic ;  and  admitting  that  this  variation  ought  to 
e  produced  some  appreciable  effect,  he  suggests  that  this 
arent  want  of  relation  between  the  occurrence  and  the  phe- 
leua,  &vors  the  idea  of  a  change  of  latitudes. 

0  strongly  impressed  is  the  writer  with  the  inevitable  opera- 
i  and  potency  of  this  unquestioned  retardation  of  rotation, 
;  were  all  traces  of  any  differential  action  masked  and 
terated,  he  would  still  bold  to  it  as  the  one  efficient  cause 
ne— as  yet  suggested^  to  account  for  the  prominent  con- 
ation of  the  crust — displayed  in  every  land.  Bat  the  dif- 
tntial  traces  of  oblateness  have  not  been  obliterated ; — 
sked  though  they  may  be  to  some  extent,  by  other  perturbs- 

IS. 

?he  suggestion  of  a  change  of  axis,  is  one  which  will  be 
ertained  by  the  physicist  with  extreme  hesitancy  and  cau- 
u  Professor  William  Thomson  indeed  has  stated  that ''  the 
B  of  maximum  inertia,  and  axis  of  rotation — always  very 

1  one  another — may  have  been  in  ancient  times  very  far 
n  their  present  geographical  position ;  and  may  have  erad- 
ly  shiftea  through  10,  20,  80,  40  or  more  degrees,  without 
any  time  any  perceptible  sudden  disturbance  of  either  land 
water."^  Ueorge  Darwin  also  has  admitted  that  if  the 
th  be  not  solid,  ''As  in  successive  periods  the  continents 
y  have  risen  and  fallen,  the  pole  may  have  worked  its  way 
I  devious  course  ^me  10°  or  15°  away  from  its  geographical 
lition  at  consolidation  ;  or  may  have  made  an  excursion  of 
aller  amount,  and  have  returned  to  its  old  position.^f 

rhat  under  the  continued  stresses  of  precession  and  nuta- 
D — there  should  have  been  a  slight  slipping  of  the  crust  on 
fluid  interior,  is  not  improbable.  The  poles  of  the  shell  in 
ih  case  might  describe  a  small  spiral  about  the  *'  axis  of 
iximum  inertia,"  but  could  probaoly  never  diverge  there- 
nn  more  than  a  very  few  degreea     Nor  could  such  gyration 

'  Report  Brit.  Assoc,  1876,  vol.  xlvi,  part  ii,  p.  11. 

''Od  the  InQuence  of  (Geological  changes  on  the  Eartb^s  iLTia  ol  '^XsJ^'cni.^'' 
Trans.  Roy.  Soc.,  Nov.  23,  1876,  vol  clxvii,  p.  306. 


264      W.  B.  Tayl(/r—Orwm^Ung  ofths  EaHKs  CfrusL 

in  any  degree  affect  the  sidereal  axis  of  rotation — or  its  angle 
of  obliquity  with  the  plane  of  the  ecliptia  Any  such  ^00* 
graphical  change  of  the  axis  therefore  as  admitted  by  Thomacm 
ana  Darwin,  could  only  be  a  shifting  of  the  mass  of  the  earth 
(so  to  speak)  upon  an  axis  fixed  in  angular  direction,  with  a 
corresponding  shifting  within  its  substance  of  the  equatorial 
plane  of  oblateness. 

Were  we  at  liberty  to  imagine  a  translocation  of  the  northern 
geographical  pole — in  the  remote  past,  as  far  as  to  the  arctic 
circle  near  Bering's  Straits,  the  equatorial  region  would 
nearly  correspond  with  Ouyot's  line  of  demarkation  of  the 
three  northern — from  the  three  southern  continents.*  This 
re-arrangement  would  also  bring  the  highest  portions  of  the 
South  American  Andes  and  of  the  Asiatic  Himalayas  much 
nearer  to  the  equator,  and  the  remarkable  elevations  of 
southern  Europe — the  Pyrenees,  the  Alps  and  the  GaQcasoi 
(now  all  near  the  46th  degree  of  latitude),  to  the  northern 
tropic.  This,  however,  is  mere  speculation,  for  which  no  sci* 
entific  warrant  can  at  present  be  given. 

An  objection  urged  with  considerable  force  by  Captain 
Dutton  against  the  hypothesis  of  the  earth's  contraction 
through  secular  cooling,  should  not  be  overlooked  since  it  lies 
equally  against  the  supposition  here  presented,  and  indeed 
against  any  hypothesis  of  general  contraction.  He  remarks: 
^'The  determination  of  plications  to  particular  localities  pre* 
sents  difficulties  in  the  way  of  the  contractional  hypothesis 
which  have  been  underrated The  tendency  of  corruga- 
tion to  occur  mainly  along  certain  belts  with  series  of  parallel 
folds,  is  not  explained  by  assuming  that  these  localities  are 
regions  of  weaknesa  For  a  shrinkage  of  the  nucleus  would 
throw  each  elementary  portion  of  the  crust  into  a  state  of  strain 
by  the  action  of  forces  m  all  directions  within  its  own  tangent 
plane The  plications  of  the  Paleozoic  rocks  do  not  con- 
form, either  in  Europe  or  America,  to  the  consequences  here 
affirmed.  These  disturbances  are  localized  in  long  and  rather 
narrow  belts,  and  if  they  truly  represent  contraction  on  certain 
great  circles,  then  such  contraction  must  have  been  enormous 
in  arcs  perpendicular  to  the  axes  of  plication,  and  very  little  in 
arcs  parallel  thereto.  Still  more  discordant  is  the  contractional 
hypothesis  with  the  Tertiary  plications.  From  Cape  Horn  to 
the  Bering's  Sea  is  a  continuous  belt,  very  narrow  for  most  of 
the  distance,  but  extremely  disturbed  throughout."t 

*  Professor  Guyot,  referring  to  the  general  direction  of  the  line  of  sepantioD 
marked  out  hj  the  Caribbean  and  Mediterranean  Seas*  with  their  adjacent 
isthmuses,  remarks:  '*  These  regions  are  parts  of  a  broad  transverse  band  whose 
position  can  be  traced  from  Bering's  Straits  as  a  center,  with  a  meridian  arc  of 
80'*  radius,  and  which  we  would  call  the  cetitral  wone  of  fraetuirt?^ — JobnBon's 
Cfclopshdia,  1875,  vol  i,  pp.  1449,  \41SQ. 
f  Am.  Jour,  Sci.,  August,  1W4,  ^oV  tvW,  vV-  \'i'^^^^^^« 
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It  cannot  be  denied  that  the  difficulty  here  set  forth  is  a  very 
lading  one.  Especially  inexplicable  appears  the  instance 
It  leferred  to— or  an  unbroken  range  of  mountain  foldings 
:t«iding  over  more  than  a  third  of  the  globe's  circumference, 
lifle  the  force  at  the  command  of  the  rotating  planet  is 
iondantly  sufficient  to  accomplish  the  result  evidently  some 
pplementary  considerations  are  requsite  to  give  the  observed 
reciion  to  this  forca  Beyond  all  question,  tne  surface  of  the 
rdi  has  been  subjected  to  a  compressing  stress  of  tremendous 
eigy.  To  account  for  the  stress  is  one  problem  ;  to  account 
r  its  resultants  is  another  and  probably,  much  more  compli- 
kadona 

The  mere  mechanical  difficulty,  however,  of  transmitting 
pesBes  through  comparatively  undisturbed  areas  of  hundreds 
miles  of  a  flexible,  friable,  and  practically  plastic  crust — 
ith  a  large  coefficient  of  viscous  friction  beneath — is  not  so 
rmidable  as  might  at  first  sight  appear.  It  must  be  borne  in 
ind  that  the  pressures  derived  from  an  action  so  slow  as  from 
ntury  to  century  to  be  scarcely  sensible,  are  of  an  order  of 
siy  great  intensity,  but  of  very  small  quantity.  Under  the 
mtinued  urgency  of  rapidly  revolving  tidal  waves  (though 
80  of  a  very  minute  order),  there  does  not  seem  any  improb- 
>ility  in  the  supposition  that  with  the  long  time  element  such 
resses  may  gradually  be  equalized  or  transmitted  bv  what 
iMit  be  termed  a  process  of  ''  conduction  "  almost  indennitely. 
from  various  considerations  we  may  infer  that  in  all  geolog- 
al  ages  the  progress  of  elevation  has  been  in  excess  of  that 
[  degradation  by  erosion ;  that  in  all  ages  mountain  building 
18  teen  at  a  maximum;  that  is,  the  uplifted  heights  have  been 
le  greatest  which  the  average  thickness  of  the  crust  at  the 
me  was  capable  of  supporting ;  so  that  the  former  has  been 
constant  function  of  tne  latter,  the  ratio  being  probably  not 
irfrom  one-fifth. 

We  may  also  infer  that  this  increasing  maximum  of  eleva- 
on  must  now  have  practically  reached  its  limit,  since  both  the 
rocesses  of  equatorial  contraction  and  of  internal  temperature 
faction  are  going  on. with  extreme  and  lengthening  slowness ; 
od  the  whole  remaining  subsidence  of  the  inter-tropical  oblate* 
8BS  cannot  exceed  five  miles,  during  the  vast  ages  in  which 
le  earth's  rotation  shall  be  entirely  arrested. 
Looking  back  through  the  long  vista  of  the  unmeasured 
ist  we  behold  in  imagination  our  planet  in  its  early  youth, 
:tb  its  expanded  tropical  surface  as  yet  unmarked  by 
inkles,  enaowed  with  superfluity  of  rotary  activity,  and  sub- 
it  to  far  more  energetic  tides  and  winds  and  tempests  than 
i  know  at  present     Its  primitive  and  lowly  organisms  with 

Lie  JouB,  Sci.—Thibd  Serob,  Vol,  XXX.  No.  118. — Oct.,  \^^b. 

It 
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gg  yeft  unspeoialized  sensations,  accustomed  to  a  dusky  da;  of 

A  few  brief  hours  succeeded  by  as  short  a  night.     The  moon— 

herhn}^  much  nearer  and  of  ampler  but  paler  disk — speeding 

thTO^i^  its  phases  in  the  quick  period  of  a  week  or  less.    The 

^ri —of  enormously  greater  volume  than  we  behold  it— diffw- 

ff^  \V^  hazy  beams,  and  probably  expending  a  much  smaller 

lt¥i^>unt  of  radiant  light  and  heat  upon  the  flat  and  dreary  face 

^  imture  than  it  now  does  after  many  hundred  million  years 

^^t  waste.*    Such  is  the  outline  of  early  meteorological  condi- 

|JK>M9  which  the  geologist  should  take  into  his  account  when 

iW^rizing  on  the  grand  dynamics  of  his  science. 

But  of  that  primeval  period  of  fleeting  days  and  of  shortened 
dxis,  perhaps  the  only  physical  record  and  memorial  left  us  is 
the  wide  array  of  distorted  crumplings  and  ruptured  foldings 
(culminating  apparently  in  the  lower  or  middle  latitudes)  which 
have  formed  the  needful  condition  and  environment  for  man's 
advancement,  and  which  have  never  ceased  to  excite  the  won- 
der and  admiration  of  his  observant  and  inquiring  intelligence. 
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HiLGARD. 

In  an  article  published  in  the  June  and  July  numbers  of  this 
Journal,  Dr.  Otto  Meyer  undertakes  to  show,  not  only  that 
numerous  supposed  species  of  fossils  heretofore  describea  from 
the  Tertiary  of  the  southwestern  States  should  be  canceled  as 
being  mere  variations  of  no  specific  value,  but  also  that  there 
is  good  reason  to  suppose  that  the  stratigraphic  succession  of 
the  several  stages,  as  heretofore  understood  and  accepted,  is 
incorrect  and  actually  requires  to  be  turned  upside  down.    As 
regards  the  former  part  of  his  thesis  I  thoroughly  agree  with 
him,  if  not  in  detail  at  least  in  the  general  issue.     As  regards 
his  second  point,  it  is  simply  incorrect;  and  it  is  difficult  to 
understand  how,  if  Dr.  Meyer  took  the  pains  to  do  more  than 
look  over  the  lists  of  fossils  in  my  report  on  the  geology  of   ' 
Mississippi,  he  could  entertain  such  a  proposition  for  a  moment 
The  only  explanation  of  his  error  can  be  found  in  the  &cty 
evident  from  the  whole  of  his  article,  that  he  is  unacquainted 
with  the  methods  of   field  geologists,  and  imagines  tnat  th^ 
paleontologist  is  the  final  arbiter  in  all  questions  of  geological 
age.    There  was  a  time  when  this  idea  was  current  even  amon^ 
geologists ;  but  at  least  on  this  side  of  the  Atlantic  it  has  for  ^ 
number  of  years  counted  among  the  ^'iiberwundene  Slandpunkte.^ 

*  It  is  well  knowD  to  physioipts  that  radiation  is  not  in  pnmortioQ  to  tempers^ 
The  *'  lime-light "  radiates  a  far  greater  amount  both  of  heat  and  of  ligh 
the  simple  ozy-hjdrogen  flame  at  a  higher  temperature. 
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Dr.  Meyer  commits  a  fandamental  error  of  judgment  Id  an- 
;her  matter,  namely,  in  the  assumption  that  after  Lyell,  Con- 
A  and  Tuomey  had  issued  their  (well  grounded)  dicta  in 
gard  to  the  succession  of  the  Tertiary  stages,  those  following 
tern  in  the  investigation  of  the  subject  calmly  took  these 
dogs  for  granted,  and  made  their  observations  conform  to 
the  masters'  words."  Here  again.  Dr.  Meyer  assumes  a  state 
:  affairs  which  not  lon^  ago  was  widely  prevalent  in  the  old 
orld,  but  has  not,  within  my  recollection,  been  a  fault  of 
iDerican  observers.  On  the  contrary,  young  men  have  rather 
inded  to  distinguish  themselves  by  making  startling  discov- 
168  of  mistakes  in  the  work  of  their  predecessors,  and  have 
ift  nothing  unchallenged  and  unverified.  Contrary  to  Dr. 
[eyer's  expressed  opinion  of  my  method  of  work  in  Missis- 
ppi  (see  his  paper  in  July  number,  page  65),  I  was  even  then 
nently  Americanized  to  subject  every  point  of  my  prede- 
work  and  conclusions  to  the  closest  and  most  elaborate 
smtiny,  as  he  would  have  found  out  had  he  done  me  the 
lonor  to  study  my  report.  Hence  I  have  no  comment  to 
oake  on  his  historical  presentation  of  the  growth  of  opinions, 
xcept  that  those  opinions  served  me  merely  as  convenient 
rorking  hypotheses.  But  I  differ  from  him  more  fundament- 
Jly  in  his  sweeping  statement  (iii'd),  that  **only  a  competent 
tod  careful  examination  of  the  fossils  could  indicate  the  rela- 
ions  of  the  Old-tertiary  strata  of  Mississippi,"  and  that  I 
*  studied  this  Tertiary  paleontology  very  little."  I  had  not 
rime,  it  is  true,  for  a  thorough  study  of  all  the  forms  occurring 
n  the  several  stages;  and  it  is  also  true  that  under  pressure  of 
fork,  I  ^*  transferred  the  making  of  the  luis  of  fossils  to  Prof. 
If.  D.  Moore."  But  every  one  of  these  fossils  had  been  col- 
ected  by  myself  personally,  and  in  so  doing  I  had  acquired  a 
rery  competent  knowledge  of  the  leading  fossils  of  each  of  the 
itages;  it  had  also  convinced  me  of  the  fact  that  Conrad  had 
oade  a  lai^e  number  of  spurious  species,  and  that  the  several 
tages  are  intimately  interconnected  by  community  of  species 
Tom  Claiborne  to  Vicksburg.  This  conviction  I  have  repeat- 
)dly  expressed  in  my  Mississippi  report,  and  it  is  emphasized 
yj  the  list  of  fossils  from  the  "Bed  Bluff"  locality,  which 
ihows  an  obvious  transition  from  the  Jackson  to  the  Vicksburg 
faana.  But  it,  as  well  as  a  great  many  other  observations,  also 
emphasized  the  extreme  localization  of  certain  fossils  and  groups 
of  fossils;  a  circumstance  easily  accounted  for  by  the  shallow- 
ness of  the  depositing  sea,  evidenced  not  only  in  the  materials 
and  littoral  fauna,  but  in  the  constant  recurrence  of  brackish 
aad  lignitic  facies  where,  stratigraphically,  the  continuation  of 
marine  beds  was  to  be  expected.  This  made  me  exirercL^l^ 
aatioas  in  relying  on  any  single  or  few  {o88\\s  toi  \)[i^  \dL^\i\A^- 
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cation  of  stages  in  distant  localities ;  and  similar  caution  would 
have  prevented  Dr.  Meyer  from  coming  to  many  false  conjeo* 
tures  on  insufficient  premises. 

It  is  difficult  to  characterize  in  terms  altogether  courteous  Dr 
Meyer's  supposititious  account  of  my  mode  of  constructing mj 
geological  map  of  the  formations  of  Mississippi  (Ibid.) ;  for  h< 
had  before  him,  in  print,  the  record  of  the  localities  throogb 
which  the  lines  were  drawn,  and  in  statins  that  I  made  th< 
acute  southward  curve  of  the  Vicksburg  belt  around  Jacksoi 
simply  by  way  of  getting  out  of  a  difficultv  engendered  by  \ 
hasty  adoption  of  my  predecessors'  views,  he  states  what  ih 
printed  record  shows  to  be  false.  This  curve  is  necessitatec 
oy  the  occurrence  of  characteristic  Vicksburg  fossils  in  th< 
following  localities:  Brownsville,  Marshall's  Quarry,  Byram 
German  Berry's  (then  Monterey  Post  Office),  Brandon  ;  and  w 
other  delineation  is  possible.  How  is  it  that  with  these  obser 
vations  plainly  in  the  text  before  him,  and  with  the  results  oi 
his  own  examinations  at  Jackson  itself,  it  did  not  occur  to  bin) 
to  walk  down  Pearl  River  nine  miles,  as  I  did,  to  seetb< 
Jackson  strata  sinking  out  of  view,  to  be  replaced,  first  by 
brackish  and  more  or  less  lignitiferous  deposits,  which  in  their 
turn  sink  out  of  view  and  are  capped  by  the  Vicksburg  rocks 
in  their  most  characteristic  development,  in  a  magnincently 
fossiliferous  outcrop  two  miles  long?  How  does  Dr.  Mejer 
expect  that  in  a  level  or  merely  rolling  country,  underlaid  b? 
strata  having  a  dip  not  exceeding  ten  feet  per  mile,  he  will 
ever  see  stages  separated  by  strata  sixty  or  seventy  feet  in 
thickness  exposed  in  any  one  outcrop?  and  in  the  present  case, 
is  any  fossil  whatsoever  needed  to  establish  the  order  of  super* 

position  ? 

There  are  at  least  two  other  lines  of  section  across  the  Te^ 
tiary  belt  of  Mississippi,  in  which  the  order  is  just  as  plainly 
established  by  stratigraphy  alone,  independently  of  fossils,  as  it 
is  on  Pearl  River.  One  of  these  lines  lies  along  the  Yazoo 
Bluflf,  from  Carrollton  via  Vicksburg  down  to  Grand  Gulf;  the 
other,  from  Meridian  via  Enterprise  and  Quitman  down  tc 
Winchester,  on  the  Chickasawhay  River.  The  former  section 
has  been  completely  explored  between  Professor  E.  A.  Smid 
(then  my  assistant)  and  myself;  the  latter  was  in  the  first  place 
traversed  by  myself,  by  land,  and  then,  to  make  assurance 
doubly  sure,  and  in  order  to  observe  details,  the  entire  trip  was 
made  in  a  canoe  by  Professor  George  Little,  later  State  Geolo- 
gist of  Georgia  and  now  at  the  University  of  Mississippi.  In 
all  cases  alike,  going  down  streams  flowing  to  the  southward^  the 
strata  successively  sink  below  the  water's  edge  as  the  observer  pro- 
gresses^  in  the  order  Claiborne,  Jackaoa^  Viicfesiurg^  Orand  Gulf 
as  identified  by  tbeVr  \ead\xv%  io^\\%-    11  \!^^tv^  \hi^\^  \^  '^\s 
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iitae  in  geometry,  this  is  the  inevitable  order  of  saccession 
torn  below  upward. 

But,  outsiae  of  the  State  of  Mississippi,  I  can  satisfy  Dr. 
layer's  postulate  of  *^  seeing  the  Yicksburg  rocks  actually 
iiperimposed  upon  the  Jackson  strata."  I  have  seen  this  in 
lonieiana,  on  the  Bayou  Funne  Louis,  where  I  have  stood  on  a 
sdge  of  Yicksburg  limestone  showing  a  southward  dip  and 
Mtftining  abundance  of  Orbitoidesj  Apca  Mississippiensis  and 
^tcien  Pmlsoni,  looking  down  some  eighty  feet,  to  north v/ard, 
ipoD  a  level  prairie  country  in  which  the  bones  of  the  Zeu- 
jbdoo  have  been  plowed  up. 

Without  discussing  paleontological  details  for  which  in  the 
bsenoe  of  adequate  literature  and  collections  I  should  now 
iftve  to  relv  on  memory  alone,  I  must  remark  that  I  cannot 
ttttch  much  importance  to  Plagiostoma  dumosum  as  a  signilS- 
ut  fossil.  Of  hundreds  of  localities  examined  by  me  in  Mis- 
Hrippi,  only  two  have  yielded  this  shell ;  and  both  belong  to  a 
evet  intermediate  between  the  Jackson  and  Yicksburg  groups. 
But  no  Yicksburg  locality  has  failed  to  furnish  what  I  have 
)eeo  led  to  consider  the  decisive  mark  of  the  aee,  viz :  Area 
Uissmipptensis ;  it  is  more  constant  than  either  the  Orbiioides 
Dr  Peden  Poulsoni^  although  the  latter  is  rarely  absent  For 
the  Jackson  age  the  most  constant  fossil  is  the  2kuglodon^  bone 
fragments  of  which  can  nearly  always  be  found  by  diligent 
search ;  and  besides,  an  excellent  and  constant  criterion  is  the 
msence  of  Venericardia  planicoaia^  which  has  nowhere  been 
foand  associated  with  the  characteristic  Yicksburg  fauna. 
Through  this  widely  diffused  and  universally  recognized  shell, 
18  welt  as  through  the  almost  equally  constant  Oastridium 
Hhutum  and  Calyptrophorus  velatus  as  common  fossils,  the  Jack- 
son founa  connects  strikingly  with  the  Claiborne  and  Buhrstone 
beds;  and  I  have  found  this  Venericardia  in  the  latter,  in  almost 
immediate  contact  with  the  Upper  Cretaceous  rocks  of  North 
Ifiarissippi.  Upon  Dr.  Meyer's  assumption,  the  Yicksburg 
beds,  void  of  both  of  the  above  types,  would  actually  be  inter- 
calated between  this  oldest  post-Cretaceous  fauna  and  the 
Claiborne  and  Jackson  beds.  However,  his  assumption  is 
abandantly  and  conclusively  disproved  by  the  most  direct 
stratigraphical  evidence ;  which  it  is  to  be  hoped  he  himself 
will  undertake  to  verify  before  he  again  ventures  to  re-classify 
the  Southwestern  Tertiary. 
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Art.  XXXrV. — Remarks  on  a  paper  of  Dr.  OUo  Meyer  on^^Sj^ 
ciee  in  the  Southern  Old- Tertiary  ;'^  by  EuGBNB  A.  Shith. 

In  this  paper,  one  of  the  objects  of  the  author  is  to  show 
that  the  relative  position  of  three  of  the  sabdivisions  of  the 
Tertiary  formation,  viz:  Yicksbarg,  Jackson  and  Claiborne 
(given  in  descending  order),  is  not  the  trae  one,  bat  that  it 
should  be  Claiborne,  Jackson  and  Yicksburg,  with  Claiboroe 
at  the  top  and  Yicksburg  at  the  bottom. 

This  conclusion  of  Dr.  Meyer  cannot  be  allowed  to  pass 
without  comment;  for  although  no  geologist  who  has  ever 
been  across  the  country  where  these  rocks  occur  in  Alabama, 
could  for  a  moment  be  in  doubt  as  to  their  relative  position, 
yet  those  unacquainted  with  the  facts  in  the  case  might  be  led 
by  Dr.  Meyer's  paper  to  doubt  the  accuracy  of  the  observatioM 
of  Lyell,  Tuomey,  Winchell  and  others. 

So  far  as  I  am  able  to  make  it  out,  Dr.  Meyer's  conclusion  ii  | 
based  upon  two  observations,  and  upon  a  uumber  of  inf«:encei  3 
derived  from  what  he  thinks  should  have  been  the  course  of  ' 
evolution  of  several  species  of  shells. 

The  observations  are  these:  (1)  Conrad  found  in  one  of  the 
lower  strata  of  the  Claiborne  bluff,  below  the  ferrurinous  sands 
which  bear  the  greater  part  of  the  well  known  Claiborne  fos- 
sils, a  specimen  of  Spondylus  dumosua ;  and  (2)  Dr.  Meyer 
himself,  found  a  specimen  of  an  Orbitoid  in  one  of  the  lower 
strata  at  Claiborne.  I  shall  say  nothing  of  the  possibility  of 
these  specimens  having  been  washed  down  from  a  nigher  level, 
for  it  IS  to  be  supposed  that  these  two  observers  were  not  mis- 
taken as  to  the  actual  occurrence  of  the  fossils  in  the  rocks 
mentioned,  nor  will  I  refer  to  the  fact  that  these  two  observa- 
tions, so  far  as  they  prove  anything,  merely  show  that  the  two 
species  named  have  a  greater  range  geologically  than  has 
usually  been  assigned  to  tnem,  for  I  know  from  personal  obsw- 
vations  near  St  Stephens  and  elsewhere,  that  they  occur  in 
great  numbers,  above  the  Claiborne  sands  also,  but  shall  con- 
fine myself  to  stratigraphy,  since  superposition  is  after  all  the 
onlv  absolute  test  of  relative  age. 

1?be  term  White  limestone,  has  been  applied  in  Alabama  to 
a  series  of  calcareous  rocks  over  200  feet  in  thickness.  A 
portion  of  the  upper  part  of  this  is  a  chalky  rock  quite  soft 
and  easily  cut  when  freshly  dug,  and  much  used  as  material 
for  building  chimneys.  This  upper  part  also  in  places  contains 
great  numbrrs  of  Orbitoides  Mantellu  The  lower  fifty  or 
sixty  feet  are  more  clayey,  give  rise  on  disintegration  to  a 
limy  soil  which  reaemblea  cVoa^X's  Xhi^  \\m^  ^V  ot  the  Rotten 
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lixnestone  of  the  Cretaceous.  This  lower  part  of  the  limestone 
^ntaiDs  also  numbers  of  Spondylua  dumostUj  and  vertebrso  of 
Zeuglodon  cetoides.  These  facts  concerning  the  character  and 
Dontents  of  the  White  limestone  I  give  from  personal  observa- 
Uona.  By  many  writers  the  upper  part  of  this  limestone  has 
been  considered  equivalent  to  the  Yickaburg,  and  the  lower,  to 
the  Jackson  divisions,  but  for  our  purposes  it  will  be  sufficient 
to  delSne  as  above  what  we  term  the  ^'  White  limestone." 

Before  offering  any  proof  of  the  relative  position  of  the 
White  limestone  and  the  Claiborne  sands,  it  may  be  well  to 
call  attention  to  very  important  omissions  of  Dr.  Meyer  in  his 
quotations  of  Sir  Charles  Lyell. 

In   Dr.  Meyer's  paper,  page  61,  we  find  the  following  re- 
marks on  an   extract   from  a  letter  of  Lyell   published   in 
ibis  Journal,  11,  vol.  i,  pp.  318-315.     *^  In   this  letter  Lyell 
speaks  on  several  subjects  and  says,  of  the  Nummulitic  lime- 
stone, that  it  had  been  referred  to  a  pre-Tertiary  age,  but  he 
considers  it  even  younger  than  the  Claibornean,  '  for  it  occurs 
on  higher  places   than   the  Claiborne   bluff,   a  circumstance 
which,  in  a  region  where  the  stratification  is  horizontal,  would 
imply  a  newer  deposit,  even  if  the  section  near  Suggsvilk^  and 
Ckrkestnlk^  SHOWING  SUPERPOSITION  had  been  less  satisfactory. 
I  did  not  meet  with  the  limestone  in  question  in  the  bluff  at 
Claiborne  which  I  have  no  doubt  is  owin^  to  the  fact  that  the 
^careous  strata  are  cut  off  at  the  top  beiore  they  extend  up- 
ward into  the  nummulitic  beds.' " 

Dr.  Meyer  omits  all  the  words  in  italics,  and  thus  carefully 
excludes  the  proof  of  superposition  which  Lyell  brings  for- 
ward ;  and  then  charges  nim  with  putting  forth  an  hypothesis 
without  proof.  Moreover,  in  allusion  to  the  diagram  published 
bj  Lyell,  in  this  Journal,  II,  vol.  iv,  pages  188-189,  showing  a 
flection  from  Bettis'  Hill  in  Clarke  County  to  Claiborne,  in 
which  the  White  limestone  is  very  distinctly  represented  as 
oocarring  at  the  top  of  the  Claiborne  bluff.  Dr.  Meyer  insinu- 
ates that  Lyell  represented  the  dip,  etc.,  not  as  he  observed  it, 
bat  as  he  needea  it  for  his  hypothesis.  That  Sir  Charles,  in 
saying  that  he  did  not  observe  at  Claiborne  the  limestone  in 

Jaestion,  meant  the  upper  or  nummulitic  partj  is  very  evident 
t)m  the  figure  referred  to  as  well  as  from  the  words  of  Lyell 
(juoted.*  Indeed,  LyelFs  whole  description  of  the  relative  posi- 
tions of  the  various  strata  and  their  composition,  in  the  region 
between  the  two  rivers  in  the  latitude  of  Claiborne,  is  remark- 
ably accurate,  as  any  one  who  is  at  all  familiar  with  the  country 
cannot  fail  to  see. 
Thus,  when  Dr.  Meyer  says  Lyell  has  put  forward  his  hy- 

^This  nummulitic  part  does,  however,  actually  occur  on  the  hill  one  mile  south 
of  Claibome,  as  shown  below  in  §  1. 
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pothesis  of  the  newer  age  of  the  nammulitic  limestone  with 
any  proof,  he  does  so  in  contradiction  to  LyelKs  direct  j 
specific  statement  of  what  be  had  actually  seen.  (This  Joan 
1847,  pp.  188,  189,  190.)  It  is  because  the  evidences  of  sof 
position  are  so  numerous  and  unmistakable,  that  all  geologi 
who  have  ever  examined  the  country  have  never  question^ 

I  have  some  sections  to  present  which  will  remove  all  dou 
if  only  we  can  agree  upon  what  we  mean  by  the  terms  Wh 
limestone,  and  the  Claiborne  ferruginous  sanda  I  have 
ready  said  what  I  mean  by  the  former.  By  the  latter,  I  me 
the  stratum  about  15  to  17  feet  thick,  occurring  about  midw 
of  the  Claiborne  bluff  (equal  to  e  of  Meyer's  section)  consisti 
of  a  reddish  ferruginous  sand  full  of  the  fossils  described 
Lea  and  Conrad  as  the  Claiborne  fossils.  This  sand  is  in  its{ 
pearance  and  fossil  contents  unmistakable  by  any  one  w 
has  ever  seen  it  once. 

The  proofs  which  I  wish  to  offier  are  of  two  kinds,  viz:  i 
direct  superposition,  and  (6)  the  geographical  position  of  t 
outcrop. 

a.  JFrom  direct  superposition. 

Immediately  overlying  the  red  ferruginous  sands  conta: 
ing  the  Claiborne  fossils — there  are  about  three  feet  of  fi 
ruginous  sands  with  hard  ledges  filled  with  Scutella  Lyei 
This  Scutella  bed  is  indicated  by/ in  Meyer's  section  at  CI 
borne,  and  it  may  be  seen  at  all  the  localities  cited  belo 
Close  above  this  Scutella  bed  is  a  White  limestone — in  pkc 
very  argillaceous — sometimes-  sandy  and  glauconitic,  which 
demonstrably  the  lower  part  of  the  White  limestone  series 
above  limited.     This  is  seen 

1.  At  Claiborne  *  Here  there  are  to  be  seen  between 
and  60  feet  of  the  clayey  and  glauconitic  limestone  {h  and  t 
Meyer's  section) — overlying  the  Claiborne  ferruginous  sar 
and  the  Scutella  bed.  On  going  from  the  plateau  on  which  i 
town  of  Claiborne  stands — up  to  Perdue  Hill,  the  upper  sir 
of  the  White  limestone,  containing  Orbitoides  Mantellij  may 
seen  in  many  places  near  the  road,  thus  proving  the  correctn 

*  The  lower  part  of  the  Claiborne  bluff  below  the  ferruginous  sand,  wbic 
spoken  of  by  Tuomey,  Winohell  and  others  as  a  limestone,  hat  no  resembls 
whatever  to  the  *'  White  limestone."  It  is  in  fact  rather  a  series  of  fossilifei 
calcareous  sands,  and  calcareous  clays,  than  a  limestone. 

I  can  further  assert  from  personal  knowledge,  that  there  is,  below  what  1  b 
just  defined  as  the  White  limestone,  nothing  whatever  in  the  whole  eerie 
Alabama  Tertiary  strata  (at  least  from  the  Alabama  river  westward),  which  &. 
with  any  propriety  be  called  a  limestone,  unless  an  occasional  bed  of  indiin 
shell  marl,  seldom  if  ever  exceeding  15  to  20  feet  in  thickness,  might  be  so  de 
nated. 

Meyer's  section  on  p.  69  which  he  says  must  supersede  all  previously  m 
sections,  describes  d  as  '*  color  a  bluish  gray  "  26  feet,  but  whether  the  mate 
18  sand,  clay,  or  limestone,  Yie  dooa  not  ftst^. 
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\  Lyell's  statement  that  at  the  bla£f  the  upper  part  of  the 
mestone  had  been  cat  o£f  by  erosion. 
S.  At  Gosport.  a  few  miles  below  Claiborne,  there  is  an  ex- 
Dsare  very  similar  to  that  at  Claiborne  Bluff,  and  the  White 
mestone  appears  on  the  hills  a  short  distance  from  the  river 
I8t  as  it  was  when  Sir  Charles  Lyell  observed  it  many  years 
1^,  and  at  a  higher  level  than  the  Claiborne  sands — as  Lyell 
lid  it  was. 

5.  At  Battlesnake  Bluff,  a  few  miles  below  Gosport,  we  have 
16  Claiborne  ferruginous  sands  with  their  overlying  Scutella 
ed— 4ibout  18  feet  above  the  water  level.  Above  the  Scutella 
ed  occur  some  16  feet  or  more  of  the  White  limestone. 

4.  At  the  mouth  of  Cedar  Creek,  several  miles  farther  down 
be  river,  the  Scutella  bed  is  only  about  three  or  four  feet 
.bove  the  water  level  with  a  few  feet  of  the  White  limestone 
»Yer  it. 

In  Meyer's  section  of  Claiborne — the  ferruginous  fossilifer- 
>!i8  sands  are  64  feet  above  the  river  level;  at  Battlesnake 
Blaff  they  are  18  feet  above,  and  at  the  mouth  of  Cedar  Creek, 
just  below  the  water  level.  These  observations  establish  the 
Gict  of  a  southerly  dip  of  the  strata. 

Mr.  Meyer  questions  the  fact  of  such  dip,  but  there  is  no 
loabt  about  it,  as  may  be  seen  below  in  6.  C.  S.  Hale,  in  this 
foarnal,  11,  vol.  vi.  No.  18,  Nov.,  1848,  in  an  article  on  the 
}eology  of  South  Alabama,  not  quoted  by  Meyer,  likewise 
lefflonstrates  the  fact  of  the  southerly  dip  of  these  strata.  He 
dso  distinctly  says  that  the  White  limestone  overlies  the 
Tiaibome  ferruginous  sands,  and  brings  forward  observations 
i  his  own  to  prove  it. 

6.  If  we  go  down  the  river  from  the  mouth  of  Cedar  Creek, 
aring  a  low  stage  of  water,  we  can  have  the  direct  evidence 
f  superposition,  of  the  relative  places  of  the  Claiborne  sands 
sd  the  White  limestone,  for  the  few  feet  of  this  latter  rock 
bove  the  Scutella  bed,  mentioned  as  forming  the  upper  part 
;  the  bank  at  the  mouth  of  Cedar  Creek,  can  be  followed  down 
le  river  till  they  sink  below  the  water  level,  but  before  one  of 
lese  beds  sinks  out  of  sight  another  appears  above  it,  and  the 
iccession  of  these  low  bluffs  (hardly  ever  more  than  10  to  15 
Bt  high)  is  so  nearly  continuous,  that  practically  all  of  the 
rata  intervening  between  the  Scutella  oed  at  Cedar  Creek, 
id  the  Orbitoidal  limestone  at  Marshall's  Landing,  may  be 
en.  These  strata  are  mostly  argillaceous  limestones,  glauco- 
tic  in  places.  At  Marshall's  Landing,  this  argillaceous  lime- 
one  is  distinctly  overlaid  by  10  feet  or  more  of  limestone 
led  with  Orbitoides  Mantelli.  There  is  no  trace  of  faulting  or 
sturbance  along  this  part  of  the  river,  and  the  uniform  dip 

the  strata  and  their  succession  are  unmialakabW. 
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6.  The  most  positive  and  irrefatable  eridence  of  the  rela- 
tive position  of  tne  White  limeetone  and  the  Claiborne  ferrugi- 
nous sands  is  to  be  seen  at  the  St  Stephens  Bluff.  There  can 
I  imagine  be  no  reasonable  doubt  that  this  bluff  is  made  up  of 
the   W  hite  limestone.    In  its  upper  part  this  limestone  is  in 

E laces  a  mass  of  Orbitoidea  ManteUij  and  in  the  lower  part  of  the 
luff  about  16  feet  above  the  water  level  is  a  hard  projecting 
ledge,  a  foot  thick,  beneath  which  is  a  layer  consistmg  of  the 
shells  of  Spondylua  dumosua. 

A  short  distance — about  half  a  mile — above  the  St.  Stephens 
landing,  this  bluff  is  interrupted  by  a  ravine,  on  the  other  sid^ 
of  which  it  may  be  seen  again  with  identical  characters ;  Orbi- 
toides  limestone  forming  the  upper  part  as  at  the  landing  below. 
At  the  base  of  this  part  of  the  bluff  occurs  a  red  ferruginoui 
sand  full  of  fossils — among  which  are  Metongena  alveola^  Oi^ 
pidula   liraia,  Infundibulum  irochiformis,    Corbula  MurAiioni^ 
IkirriteUa  lineatUj  Oylherea  (sguoreo,   Oliva  AlabameneiSf  Turin- 
nolia  Maclurei^  Valuta  Dejranckii^  Aatarte  sulcata,  and  a  number 
of  other  forms  which  are  found  at  Claiborne.    Just  over  thii 
bed  occurs  the  Scutella  bed  above  referred  to,  and  over  that 
in  direct  contact^  the  white  clayey  limestone  passing  uptraitl 
into  the  Orbitoidal  limestone.     This  ou^ht  to  set  the  matter  at    J 
rest  forever,  so  far  as  the  relative  positions  of  the  Claiborne 
sands  and  the  White  limestone  are  concerned.    I  shall  not  here 
attempt  to  show  that  the  White  limestone  of  Alabama  is  the 
representative  of  the  Jackson  and  Yicksburg  strata  of  Missis- 
sippi ;    but  I  can  assert  from  personal  observations  that  the 
lower  part  of  the  White  limestone  of  Alabama  with  its  Zen* 
glodon  bones  and  its  limy  soils  corresponds  with  what  Hilgaid 
marks  as  Jackson  on  his  map,  and  that  the  upper  part  of  oar 
White  limestone  is  what  Hilgard  marks  as  Yicksburg.    Id  p. 
227  of  Hilgard's  Geology  of  Mississippi  it  is  stated  that  the 
Orbitoides  limestone  is  directly  overlaid  by  the  sandstone  of 
the  Grand  Gulf  group.     This  it  seems  to  me  is  evidence  that 
the  Orbitoides  limestone  (which  Hilgard  considers  Vicksburg) 
is  at  the  top  of  the  series  with  which  we  are  concerned. 

In  paragraph  222,  p.  144  of  Hilgard's  work,  there  is  a  dis- 
tinct statement  that  the  Yicksburg  strata  overlie  those  of  the 
Jackson.     The  same  thing  is  shown  in  his  diagram  No.  32. 

b.  Fram  geographical  poaitian. 

The  Tertiary  formations  of  Alabama  have  a  southerly  dip 
S.  or  S.W.)  which  will  average  some  25  to  30  feet  to  the  mile. 
his  dip  has  been  ascertained  by  L.  C.  Johnson  and  myself  at 
several  places,  and  that  it  is  very  nearly  the  average  may  be 
seen  from  the  correspondence  between  our  river  sections  and 
the  records  of  a  boring  made  at  Bladon  Springa  These  data 
are  very  soon  to  be  pubWaSi^A. 
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might  also  add  in  farther  proof  of  southerly  dip,  that  all 
streams  flowing  in  easterly  or  westerly  directions  in  the 
tiary  territory  of  Alabama,  have  steep  escarpments  on  the 
them  banks,  and  gentle  southerly  slopes  on  the  northern. 
?hat  with  a  general  dip  toward  the  south,  the  Tertiary 
te  will  outcrop  across  the  country  in  approximately  paralld 
ta,  the  newer  beds  appearing  farthest  soutli,  is  plain  enough, 
w  in  fact  we  have,  going  southwanl,  the  outcrops  of  the 
tiary  formations  in  the  following  order : 
at»  Lignitic;  2d,  Buhrstone;  8d,  Claiborne;  and  4th,  White 
esfeooe.  There  is  but  one  exception  to  this  order  known  to 
and  that  is  of  very  limited  extent,  and  plainly  due  to  a 
:are  which  can  be  traced  out  In  the  same  way,  the  Cre- 
dos outcrops  lie  to  the  northward  of  those  of  the  Tertiary, 
t  seems  to  me  that  this  relative  position  geographically  of 
outcrops  of  the  formations,  taken  together  with  tne  general 
action  of  the  dip,  would,  to  say  the  least,  go  far  to  prove 
ir  relative  age. 

indeed  the  stratigraphical  evidence  of  the  superposition  of 
W^hite  limestone  above  the  Claiborne  sands  is  so  abundant, 
conclusive,  and  so  completely  without  contradiction  from  a 
itary  fact,  that  it  has,  so  far  as  I  know,  never  been  called  in 
stion  by  any  geologist  familiar  with  the  field  of  their 
larrence. 


rr.  XXXV. — Native  Antimony  and  tit  Associations  at  Prince 
WHUam^   York  County^  New  Brunswick;*   by  Georoe    F. 

CUNZ. 

Fhb  Brunswick  antimony  mine  is  situated  in  Prince  William 
rish,  York  County,  New  Brunswick,  on  the  right  bank  of 
)  St  John  Biver,  21  miles  from  Fredrickton,  and  96  miles 
m  St  John,  New  Brunswick.  The  locality  was  discovered 
3ut  1860,  and  a  few  years  later  the  Prince  William,  the 
ibbard  and  the  Lake  George  minesf  were  opened;  all  of 
se  were  ultimatelv  absorbed  by  the  Brunswick  mine.  At 
}  present  time  this  company  controls  a  tract  of  land  three 
les  by  five,  containing  many  veins  of  stibnite,  and  forming 
e  of  the  largest  antimony  deposits  known. 
In  the  early  working  of  the  mines,  native  antimony  was 
ly  rarely  observed,  and  was  not  even  mentioned  in  the  reports 

Read  at  the  meetiDff  of  the  Amer.  Assoc.  Adv.  Science.  August,  1884. 
This  localitj  is  briefly  mentioned  by  Dr.  L.  W.  Bailey  in  a  letter  to  Professor 
yiliman,  see  this  Journal,  xxzt,  150.  1863.  Messrs.  Hayes  and  Jackson  also 
ition  this  locality  in  the  Geology  of  New  Brunswick  by  Dr.  L.  W.  Bailey, 
5.  See  also  Report  of  the  Geology  of  New  Brunswick,  1865,  by  Henry 
'le  Hind. 
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of  Professor  G.  I.  Chase  and  Wm.  Petherick,  M.  R,  in 

Erospectus  of  the  Brunswick  Mining  Co.*  It  is  menti 
owever  in  the  fifth  edition  of  J.  D.  Dana's  System  of  Mir 
ogy,  page  18,  as  of  rare  occurrence  at  the  Prince  Wil 
mine.  The  mining  then  was  all  merely  on  the  surface 
within  the  last  two  years  it  has  been  carried  on  to  a  consi 
ble  depth.  At  a  depth  of  from  100  to  160  feet  the  n; 
antimony  is  occasionally  found  in  large  pockets,  some  of  ^ 
contain  fully  one  ton  oi  the  pure  mineral ;  it  is  associated 
stibnite,  valentinite  and  kermesite. 

In  its  most  common  form  the  mineral  is  very  compact, 
at  times  finely  granular,  in  appearance,  resembling  very  cl( 
the  native  antimony  of  South  Ham,  Canada ;  in  this  foi 
breaks  at  times  with  a  slightly  conchoidal  fracture  and  1 
decided  steel-blue  color.  The  forms  in  which  it  occun 
usually  either  rounded  or  elongated  masses,  from  ten  to  t^ 
inches  across,  and  weighing  from  20  to  50  lbs. ;  it  passes 
a  coarse  granular  variety  where  it  very  closely  resemble 
mineral  from  Sarawak,  Borneo.  The  most  remarkable  f 
however,  is  that  where  it  occurs  in  radiated  masses  of  crysta 
plates.  The  single  blades  are  from  one  to  two  and  occasioi 
four  inches  in  length  and  ^th  of  an  inch  across,  being  ne 
as  large  as  those  of  the  artificial  metal  of  commerce, 
radiations  seem  to  have  massed  around  a  common  center, 
the  mineral  had  cooled  or  crystallized  slowly  from  will: 
One  fine  mass  of  this  radiated  tin-white  metal  measured  i 
six  inches  across.  Very  small  microscopic  crystals  al 
.05  mm.  in  size  were  developed  by  removing  the  calcite 
acid,  and  mention  was  made  of  some  large  ones  that  bad  \ 
observed,  but  these  had  been  lost.  Some  of  the  crysta 
cleavages  have  striations  similar  to  those  described  by 
peyresf  that  are  also  observed  on  the  artificial  antimony, 
on  the  coarsely  grained  native  variety  from  Allemont;  t 
he  refers  to  a  polysynthetic  twinning  with  24i2  as  the  t 
ning-plane.  The  specific  gravity  of  a  pure  piece  of  the  coai 
crystalline  bladed  mineral  was  found  to  be  6*606  at  15°,  an 
the  very  compact,  finely  granular  mineral  6*693.  The  foi 
ing  chemical  results  were  obtained  by  Mr.  James  B.  Mac 
tosh,  E.  M.,  School  of  Mines,  New  York  City. 

Coarse  grained  variety, 

Gangue 0*84  per  cent. 

Iron 0-11       " 

Arsenic 0*86       " 

*  Reports  of  Professor  George  I.  Chase  and  Wm.  Petherick,  M.  E.,  to  Uie  Br 
wick  Antimony  Co.,  Boston.  1864. 
f  Zeitflch.  deutsch.  geoV.  Qr^a.,  \^'\^,  '^.  ^1^. 
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Mne  grained  variety. 

GaDgue 6-04  per  cent. 

Iron 0-34       " 

Arsenic 0*47       " 

difference  in  both  cases  is  metallic  antimony  free  from 
admixture  in  large  enough  amount  for  detection,  in  the 
ty  used  for  the  examination  (1  gram.)  In  working  the 
e  and  accompanying  ores  on  a  large  scale,  to  make  the 
I  sulphuret  (Sb,S,)  gold  and  silver  were  observed  in 
3nt  quantities  to  suggest  the  working  of  the  ore  for 
ninerals. 

•nite  occurs  largely  in  the  quartz  veins  in  a  massive  form 
1  small  diverging  blades,  and  also  in  large  masses  with 

from  four  to  six  inches  in  length,  and  from  one-quarter 
>-half  inch  across.  It  occasionally  occurs  also  in  very 
cnrstals  in  cavities,  usually  all  of  a  very  dark  graphite 

In  the  seams  between  the  layers  of  native  antimony  the 
inite  occurs  in  massive  and  granular  forms ;  also  in 
ful  radiations  of  bunched  crystals,  the  radiations  meas- 
over  one  and  a  half  inches  across.  It  occurs  also  at  times 
all  hemispheres  and  in  small  isolated  imperfect  crystals 
'er  3  mm.  in  length. 

'mesite  occurs  in  the  cavities  in  stibnite  and  the  antimony 
ill  tufts  of  crystals,  none  of  which  were  observed  Qver 
ilf  an  inch  in  length  ;  it  occurs  also  in  small  hemispheres 
•ule  in  the  cavities  in  the  native  antimony.  The  color  is 
\  dark  cherry  red  to  nearly  black,  and  the  fracture  of  the 
ony  is  often  streaked  with  this  mineral.  Dyscrasite,  alle- 
e,  senarmontite  and  native  arsenic  were  looked  for  but 
ibserved,  although  it  is  highly  probable  that  some  of 
may  yet  be  found. 

3  country  rock  is  a  black  argillite,  and  the  veins  of  quartz 
lalcite  with  stibnite  which  traverse  it,  varv  from  one  to 

feet ;  they  are  similar  to  the  South  Ham,  Canada,  de- 
.*  At  the  surface  one  of  the  principal  veins  had  a  dip 
80°  E.  with  a  depression  of  55°  N.  Several  other  veins 
N.  70°  W.  and  S.  70°  E.  In  following  it  from  the  points 
5  the  shafts  were  sunk  in  a  westerly  direction  an  increase 
p  was  observed. 

ike  pleasure  in  expressing  my  thanks  to  Mr.  C.  E.  Parsons, 
i  Brunswick  Antimony  Co.,  for  his  kindness  in  furnishing 
nation  as  well  as  specimens  of  the  minerals  for  examina- 

ology  of  Canada,  1863,  p.  876.  Report  bv  Charles  W.  Willimott,  Geol. 
f  of  Canada,  1880,  1881  and  1882,  p.  3,  G.  G. 
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Art.  XXXVL— 7%€  Crystalline  Rocks  of  Alabama ;  by  C. 

Hitchcock,  Hanover,  N.  H. 

In  March  and  April,  1885,  at  the  request  of  Professor  E 
Smith,  State  Geologist  of  AJabama,  I  studied  the  crystal 
rocks  of  Eastern  Alabama,  and  was  thus  enabled  to  com] 
them  with  the  similar  exposures  in  Virginia  and  New  Engh 
This  region  of  exploration  lies  between  the  Coosa  river  and 
east  line  of  the  State.  It  is  the  southern  end  of  the  1 
belt  of  crystalline  rocks  continuous  from  New  Brunswick 
seen  farther  east  in  Newfoundland.  This  area,  as  is  * 
known,  contains  three  groups  of  mountains,  termed  the  north 
middle  and  southern  sections.  Viewed  literally  the  west 
border  is  the  most  strongly  marked,  constituting  the  Or 
Mountains  in  New  England,  the  Highlands  in  New  York 
New  Jersey,  and  the  Blue  Ridge  in  Virginia.  The  m 
eastern  portion  rises  to  greater  altitudes  in  the  White  Mo 
tains  of  New  Hampshire  and  the  Black  Mountains  of  No 
Carolina,  while  the  aepression  between  them  is  equally  cons) 
uous  and  profound.  The  Alabama  area  lies  wholly  upon 
southern  slope  of  the  last  section,  it  being  higher  near  the  p 
sage  of  the  Georgia  line  by  the  Coosa  river  than  about  Aubi 
and  Columbus.  The  country  seems  like  an  ancient  table  la 
worn  to  shallow  depths  by  the  tributary  streams. 

The  geographical  area  to  the  west  of  this  crystalline  disti 
is  marked  off  definitely  by  that  remarkable  boundary,  kno 
as  the  Great  Appalachian  Lower  Silurian  Limestone  vall« 
continuous  from  the  Gulf  of  St.  Lawrence  to  Eastern  Tennea 
and  Northern  Alabama.  The  contrasts  on  both  sides  of  t 
boundary  are  well  marked.  On  the  east  are  the  crystalli 
rocks,  folded,  inverted,  faulted,  traversed  by  igneous  intrusic 
of  the  whole  pre-Tertiary  familv  of  eruptives ;  on  the  west 
the  rocks  are  fragmental,  posed  in  graceful  folds  or  split 
gigantic  faults  and  are  serv  rarely  penetrated  by  unstratif 
rocks;  on  the  east  the  rocKS  are  principally  Arcnsean;  on 
west  they  are  Paleozoic ;  on  the  east  the  ranges  are  commoi 
short,  with  obtusely  pointed  summits ;  on  the  west  the  ranj 
are  long  barrows  passing  into  plateaus.  The  eastern  are  l 
Alps  and  the  western  the  Jura  of  America.  It  is  this  Ainc 
can  Alpine  section  or  the  ** Atlantic  Primary  Chain" 
Featherstonhaugh  which  crowds  the  Coosa  River  in  Alaban 
The  geology  of  this  region  in  Alabama  may  be  best  unci 
stood  by  a  sketch  of  the  order  and  position  of  the  strata  in 
northwest-southeast  section  crossing  them,  say  from  Tallade 
to  CoJumbus,  Ga. 
In   Talladega  the  ub\c\)x\\x>w^  Tixm^i^t  ^  ^1  "^.a^^^— 
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er  Silurian  limestone-— is  abandant.  Near  its  eastern  bor- 
are  quarries  of  white  marble  not  distinguishable  in  its 
^arance  and  general  geological  position  from  that  of  western 
mont  Not  far  removed  from  it  is  the  familiar  quartzite 
I  its  ScoUihuB — the  same  rock  whether  in  Yermonti  Penn- 
ania,  Virginia  or  Alabama,  and  it  everywhere  forms  moun- 
ranses,  as  about  Talladega  and  Anniston.  As  in  Vermont, 
n  Bahama  it  requires  close  study  to  discover  the  true 
(ions  between  this  sandstone,  the  marble  and  the  various 
stonea  The  calcareous  portion  attains  a  greater  thickness 
I  in  the  north  and  it  has  been  well  divided  by  Professor 
3rd  in  the  various  members  of  the  Knox  group,  which  have 
yet  been  identified  seriatim  (to  my  knowledge)  north  of 

E'nia. 
e  range  of  mountains  immediately  adjoining  these  lime* 
es  has  the  Ocoee  group  of  Safford  upon  its  western  flank 
summit,  and  it  attains  the  highest  elevation  of  any  of  the 
imits,  and  is  to  be  compared  with  the  foot  hills  of  the  Blue 
ge  which  sometimes  surpass  the  main  ridge  in  magnitude, 
rocks  are  greenish  and  drab  slates  and  schists,  argillaceous, 
reous  and  hydromicaceoQs,  together  with  layers  of  quartz* 
i^hich  in  some  localities  attain  great  thicknesses.  Grains 
][uartz  presumably  water-worn,  are  disseminated  through 
ly  of  the  schists.  All  the  strata  dip  southeasterly,  more  at 
\  than  afterwards,  so  as  to  give  the  aspect  of  an  overturned 
iclinal.  Small  veins  of  quartz,  cavernous  through  decom- 
ition  and  with  bunches  of  chlorite,  further  characterize  this 
op.  I  find  from  SafiEbrd's  descriptions  that  the  rocks  of 
typical  area  of  this  formation  in  Tennessee  are  similar.  I 
e  not  seen  much  of  this  member  in  Virginia.  Whatever 
it  is  to  be  found  there  was  placed  by  W.  B.  Rogers  in  his 
nation  No.  1.  But  the  exact  analogue  of  this  group  is  to 
found  in  the  magnesian  slate  of  Emmons  in  western  New 
;land  and  eastern  New  York,  whether  it  be  Lower  Silurian, 
ndian  or  Huronian ;  a  hundred  typical  specimens  collected 
Alabama  could  not  be  distinguished  from  a  corresponding 
nber  obtained  in  the  Taconic  Mountains  of  western  New 
{land.  This  character  is  uniform  in  the  three  places  where 
bserved  it,  near  Anniston,  Talladega  and  Syllacauga. 
?be  next  band  of  rock,  usually  just  to  the  southeast  of  the 
St  of  the  mountains,  is  a  feldspathic  mica  schist,  or  an  im* 
feet  gneiss.  It  resembles  the  inferior  grades  of  the  G-reen 
antain  gneiss  of  Vermont.  Near  Ashland  a  few  ledges 
liDd  one  of  the  schists  of  Mt.  Washington,  N.  SL,  but  no 
"6  so  than  does  the  Green  Mountain  rock.  There  is  not 
agh  of  this  rock  to  enable  us  to  call  it  Montalban. 
Vo  haads  of  a  newer  schist  are  interoal&led  V\\.\ivci  >(^>& 
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mica  schist  The  first  is  developed  at  Chandler's  Springs  ai 
a  heavy  greenish  chloritic  schist :  th^  second  may  be  seen  near 
Millersville  or  Hillabe  and  is  a  garnetiferous  argillaceoas  sobist: 
the  first  is  like  the  familiar  green  rock  east  of  the  Oreen  Moun* 
tains  in  Canada,  YeVmont  and  Massachusetts,  holding  beds  of 
steatite  and  serpentine — the  second  is  a  genuine  synclinal 
Passing  farther  along  we  find  next  a  broad  belt  of  well  defined, 
gneiss  between  Pinckneyville  and  Alexander  City.  Part  of  it 
is  reticulated  by  the  segregated  veins  which  are  characteristic 
of  the  Lake  Winnipiscogee  gneiss  of  New  Hampshire.  Another 
portion  is  a  genuine  granite  of  oval  shape  about  six  miles  in 
length.  It  is  much  like  the  Amoskeag  quarry  granite  of  Man- 
chester, N.  H.,  and  its  presence  is  marked  by  immense  bowlders 
of  decomposition,  a  novel  sight  to  northern  geologists.  A  few 
miles  beyond  Alexander  City,  at  the  crossing  of  the  Tallapoosa 
Eiver  the  rock  is  full  of  pyroxene,  and  farther  along  it  is 
associated  with  gneiss  standing  vertically. 

Midway  between  Alexander  and  Dadeville  is  a  breadth  of 
one  or  two  miles  of  the  ausen  gneiss.  Between  this  and 
Auburn,  gneiss  of  diversified  aspect  and  considerable  horn* 
blende  schist  prevail.  In  the  vicinity  is  a  good  localitv  of  the 
mineral  corundum.  At  Ragen's  mill  on  Songahatchie  creek 
near  Loachapoka  a  massive  gneiss  is  quarried  for  underpinning 
and  piers,  and  is  cut  by  a  dike  of  gabbro  similar  to  that  in  the 
White  Mountains. 

Southeast  from  Auburn  are  repetitions  of  the  augen  gneiss. 
Beyond  them  are  the  Chewackla  quarries  of  limestone  which 
are  associated  with  itacolumite.  These  are  very  like  the  auartz- 
ites  and  limestone  of  Thomaston,  Bockland  and  Camaen  in 
Maine,  and  probably  those  of  Smithfield,  R  I.  A  large  busi- 
ness is  done  in  the  manufacture  of  quicklime  at  Chewackla 
and  other  localities  near  by.  These  northern  rocks  were 
referred  to  the  Taconic  system  by  Emmons.  All  of  them, 
including  similar  deposits  in  the  Carolinas  near  the  eastern 
border  of  the  crystallines,  evidently  originated  in  the  same 
geological  period,  whether  that  be  Cambrian  or  Silurian. 

The  remaining  thirty  miles  of  the  section,  from  Opelika  to 
Columbus  were  traversed  along  a  railroad.  Gneisses  predomin- 
ate with  variable  dips.  Midway  and  toward  the  southeastern 
end  the  heavy  massive  gneiss  near  Auburn  is  repeated.  At 
Columbus,  the  exposures  are  closely  similar  to  the  saccharoidal 
gneisses  of  Manchester,  N.  H.,  and  to  the  thoroughly  crystalline 
schists  of  typical  Laurentian  areas..  Between  Alexander  City 
and  Columbus,  any  geologist  familiar  with  the  Canadian  or 
Adirondack  gneisses  will  constantly  recognize  the  peculiar 
features  of  that  ancient  fundamental  gneiss.  Our  examinations 
ter/ninated  at  Columbus,  aa  we  \iexe  xe^Oc^  ^^  k>^3KeL\.v5,Tl^^v«^ 
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d,  at  the  head  oi  navigation  for  large  steamboats.  A  retam 
northward  near  the  State  line  enabled  us  to  correct  and 
inn  the  impressions  derived  from  the  study  of  the  section, 
ertain  obvious  conclusions  may  be  briefly  summarized. 
t  as  to  structure:  (a)  The  contact  between  the  Silurian 
stones  and  the  Ocoee  group  is  not  the  natural  one.  There 
10  deep  cut  like  that  across  the  Blue  Rid^e  at  the  James 
er  to  show  the  two  groups  in  their  undisturbed  primal 
tion.  (&)  The  Ocoee  slates  dips  are  small,  and  when  pro- 
ted  upon  a  scale  there  seem  to  be  an  inverted  anticlinal  in 
Syllacauga  section.  This  position  is  due  to  the  tangential 
ion  of  the  elevating  force  and  there  is  no  reason  to  doubt 
ord's  assignment.of  these  slates  to  the  horizon  suggested  by 
geographical  position, — between  the  Potsdam  and  the 
ent  gneiss.  {c\  The  first  mica  schist  or  gneissic  band,  as  in 
lany  sections  farther  north  is  an  inverted  anticlinal  with 
y  subordinate  folds.  As  a  careful  stud^  of  this  group  at 
north  develops  unexpected  normal  anticlinals,  so  it  will 
)ably  be  the  case  in  the  south,  {d)  Belts  of  chloritic  and 
llaceous  schists,  when  conforming  to  the  adjacent  mono- 
al  gneisses  or  coarsely  crystalline  mica  schists,  are  supposed 
ndicate  compressed  folded  synclinals.  Hence  besides  the 
lem  anticlinal  between  the  Ocoee  range  and  Ashland  there 
It  be  at  least  one  inverted  synclinal  of  the  chloritic  schists 
Dt  others  in  the  older  group,  {e)  The  second  or  argillaceous 
is  synclinal  in  attitude  and  so  are  the  underlving  gneisses, 
reen  Ashland  and  Alexander  City.  It  may  be  convenient 
)rm  the  chloritic  belt  the  Lower  and  the  argillaceous  belt 
Upper  Huronian.  (/)  Dadeville,  in  the  midst  of  the  indis- 
ible  Laurentians,  is  the  center  of  a  very  large  synclinal. 
econd,  as  to  mineral  resemblances:  (a)  No  one  will  hesitate 
accept  the  identity  of  the  limestones  and  quartzite  in  the 
3  of  the  great  Appalachian  valley  with  the  corresponding 
:s  in  Virginia  and  New  England  known  as  the  Lower 
rian  and  Potsdam  sandstone.  (6)  The  Ocoee  corresponds 
with  the  later  Huronian  or  the  earlier  Cambrian  of  the 
;h.  There  is  no  good  reason  for  calling  it  Acadian,  (c)  A 
ion  across  northern  New  England  has  many  points  of 
mblance  to  the  one  in  Alabama  described  above.  In 
;hem  Vermont  after  leaving  the  Potsdam  there  is  a  band  of 
Uitic  schists  very  like  the  Ocoee.  This  lies  west  of  the 
en  Mountains  ana  by  Zadock  Thompson  in  an  unpublished 
)was  once  called  the  Magnesian  slate  of  the  Taconic  system. 
Green  Mountain  gneissic  anticlinal  follows  with  a  repeti- 
of  the  Ocoee-Iike  slates  and  also  the  heavy  chloritic  group 
1  serpentines  referred  to  the  Huronian  by  most  authors. 

I  Jour  Sol-^Thisd  Sebie3,  Vol,  XXX,  No.  118,  Oct.,  \ftftb. 
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Within  this  Huronian  synclinal,  between  the  Green  Mount 
and  Connecticut  River,  lies  a  micaceous,  argillaceous  o 
calcareous  group,  which  is  the  latest  formation  in  that  sec 
of  country.  The  east  side  of  the  Huronian  synclinal  is  ud 
laid  by  better  characterized  gneisses  than  those  upon  the  ^ 
side — and  on  reaching  the  watershed  between  the  Connect 
and  Merrimack  Rivers  in  New  Hampshire  we  find  the  au] 
gneiss,  which  is  regarded  as  the  oldest  rock  in  the  nc 
Between  this  ridge  and  the  ocean  there  are  several  syncli 
filled  with  slates,  quartzites  or  limestones  of  various  descripti 
The  order  in  Alabama  is  the  same,  save  that  there  is  a  p 
liar  development  of  mica  schist  at  several  localities,  particul 
in  the  White  Mountains,  and  called  Montalban  in  my  writi 
which  is  not  yet  recognized,  (d)  Throughout  the  Atla 
crystalline  area  the  oldest  of  the  gneisses  lies  from  thirtj 
fifty  miles  east  of  the  Green  Mountains  and  Blue  Ridge  rai 
(e)  Having  had  the  opportunity  to  examine  a  copper  veit 
Alabama,  said  to  belong  to  the  Ducktown  type,  I  recognize 
familiar  mineral  character  of  the  copper  regions  of  Ely,  St 
ford  and  Corinth  in  Vermont.  Tne  locaJity  is  the  Wo 
Mine,  Cleburne  County,  fully  described  in  rrofessor  Smi 
report  of  progress  for  1874.  These  veins  occur  quite  near 
junction  of  hornblendic  schists  with  mica  schists.  The  i 
pyrites  is  the  pyrrhotite.  These  veins  are  very  diflferent  fi 
those  of  Lyman  and  Milan,  N.  H,  and  those  near  Lennoxvi 
P.  Q.,  which  lack  the  pyrrhotite  and  are  imbedded  in 
Huronian.  The  Ducktown  and  Vermont  copper  regions  ^ 
of  later  origin  than  the  others,  and  might  be  termed  h 
Huronian,  corresponding  to  the  Montalban  of  Dr.  T.  St€ 
Hunt. 

Final  scheme  of  classification, — Perhaps  for  the  present  it  i 
not  be  needful  to  depart  from  the  distinction  laid  down 
Logan  in  1855  for  the  crystalline  series,  that  of  Laurentian  i 
Huronian.  The  beds  commonly  recognized  as  gneiss  beL 
to  the  former,  while  the  chloritic,  hydromicaceous  and  argi 
ceous  schists  are  chiefly  Huronian.  The  latter  are  largeb 
sediment  derived  from  the  pre-existing  gneisses  and  granite 

It  has  been  necessary  to  speak  of  different  sections  of  tl: 
two  great  groups,  and  the  terms  upper  and  lower  have  b 
employed.  No  term  of  geographical  origin  need  be  emplo; 
to  define  the  places  of  the  several  divisiona  The  Laureni 
of  the  east  may  be  subdivided  into  lower,  middle  and  uppei 
the  augen  gneiss  at  the  base,  followed  by  well  characteri 
heavily  bedded  gneisses  for  the  middle  division,  and  cot 
mica  schists  or  imperfect  gneisses  for  the  upper  part  ^. 
Lower  Huronian  would  be  the  massive  chloritic  division,  wl 
the  upper  part  is  more  vaiie^^XiWi^  ^x^^wjac^vLa^  hydromi 
ceous,  nacreous  and  quatlzoa^. 
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Te  may  regard  the  primary  division  into  Laurentian  and 
ronian  as  thoroughly  established,  and  hence  are  warranted 
ising  lithological  distinotions  to  guide  us  in  discriminating 
age  of  crystculine  rocks  so  far  as  they  can  be  derived  from 
predominant  features  of  these  great  systems.  For  a  long 
9  to  come  their  further  subdivisions  will  be  open  to  question. 


P.  XXX  Vii. — The  Geometrical  Form  of  Volcanic  Cones  and 
the  Elaatic  Limit  of  Lava ;  by  Georgs  F.  Bbckeb. 

^enerdU  character  of  a  volcanic  cone. — If  a  fluid  or  partially 
1  substance,  such  as  lava,  issues  from  an  orifice  in  a  plain 

ooDgeals  about  the  mouth,  the  accumulation  will  form  an 
Bted  mass  more  or  less  nearly  resembling  a  cona  If  the 
itance  of  this  solid  at  the  base  is  greater  than  the  load, 
ter  will  or  may  continue  to  accumulate  on  the  upper  por« 
,  while  if  the  resistance  towards  the  base  is  smaller  than 
load,  a  readjustment  of  material  will  necessarily  take  place. 
I  to  be  inferred,  therefore,  that  under  favorable  circumstances 
;anic  cones  will  approximate  to  some  definite  form,  and  this 
rence  is  strengthened  by  the  well  known  fact  that  the  form 
sraters  has  been  closely  imitated  by  experiments  on  plastic 
»riaL  Observation,  too,  shows  that  volcanic  cones  are  char- 
prized  by  a  remarkable  regularity  of  outline  and  that  the 
lines  of  the  more  regular  cones  of  volcanoes  wherever  ob- 
red  are  strikingly  similar. 

Ift&ie'«  results. — ^Frofessor  John  Milne  has  discussed  the 
m  of  volcanic  cones,*  but  his  papers  have  not  received  the 
mtion  they  deserve,  containing,  so  far  as  I  know,  the  first 
2mpt  to  assign  a  definite  geometrical  form  to  a  natural 
&ce.t    Though  his  papers  are  cited  in  some  recent  works 

geology,  I  have  seen  no  reference  to  this  fact  and  it  had 
irely  escaped  ray  own  attention  until  the  material  for  a 
per  on  the  subject  was  completed.     My  results  are  closely 

OeoL  Mag.,  vol.  v,  1878,  p.  338;  and  vol.  vi,  1879,  p.  606. 
Geology  is  one  of  the  least  exact  of  sdenoea,  and  opinions  still  differ  among 
ablest  specialists  as  to  its  most  fundamental  doctrines ;  but,  so  far  as  geo- 
cal  relations  are  exactly  known,  they  are  necessarily  capable  of  mathematical 
reasion,  and  all  relations  are  essentially  exact,  however  imperfectly  we  may 
loquajnted  with  them.  Per  oontra,  the  investigations  of  Sir  William  Thomson, 
feasor  G.  H.  Darwin  and  other  physicists  show  what  grand  additions  may  be 
le  to  geological  science  by  the  application  of  mathematical  reasoning,  and  it 
ears  to  me  that  geologists  should  be  on  the  watch  for  every  opportunity  to 
ieve  for  any  geological  relation,  however  insignificant  it  may  appear,  that 
1  iDtellectual  conquest  which  is  symbolized  by  its  correct  expression  in  mathe- 
ical  language.  As  in  other  branches  of  theoretical  physics  blunders  will  be 
e  and  progress  will  be  slow,  but  opinion  will  gradually  yield  to  certainty  over 
nOoD  of  ibe  inSnJte  6eld. 
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aoalogous  to  Professor  Milne's  but  dififer  in  some  imp< 
particulars,  and  the  data  accumulated  by  him  enable  i 
carry  the  subject  a  little  further.  Professor  Milne  regan 
problem  of  a  volcanic  cone  as  that  of  the  form  which  wou 
assumed  by  a  mass  of  loose  ash,  and  he  is  led  to  the  concl 
that  the  form  which  would  be  assumed  by  such  ma 
would  be  that  generated  by  the  revolution  of  a  logaril 
curve  round  its  asymptote.*  His  experiments  on  sand, 
ever,  as  he  points  out,  gave  him  only  right  cones  with  sti 
sides,  excepting  when  material  of  different  sizes  was  emp 
and  the  action  was  such  as  to  involve  a  sorting  of  the  pari 
I  cannot  think  that  the  form  generated  by  the  revolution 
logarithmic  curve  about  its  asymptote  is  the  figure  of  sta 
for  a  mass  of  loose  material.  Without  any  analysis  it  s 
beyond  question  that  were  a  long  trumpet-shaped  tube 
with  dry  sand,  inverted  on  a  horizontal  plane  and  the 
withdrawn,  the  column  of  sand  would  collapse,  and  that  a 
or  some  figure  very  similar  to  it  would  result  On  the 
hand  it  is  a  well  known  fact  that  the  solid  produced  b 
revolution  of  the  logarithmic  curve  about  its  asymptote  i 
form  which  a  loaded  column  of  uniform  strength  must 
when  the  material  of  the  column  is  continuous  and  cob 
like  metal  or  stona  Such  a  column  may  be  cut  at  any 
and  the  load  it  will  bear  is  the  weight  which  the  infinite 
umn  above  this  section  would  possess  were  the  ma 
uniform.f  This,  however,  is  not  exactly  the  problem  o 
volcanic  con^,  which  is  an  unloaded  finite  column,  and  n( 
an  infinite  one  nor,  what  amounts  to  the  same  thing,  a 
one  supporting  an  extraneous  weight 

Solia  unloaded  column  of  **  least  variable  resistance.'^ — A 
of  the  ejecta  of  a  volcano  is  melted  lava  and  congeals  to 
A  large  part  is  also  in  the  form  of  sand  or  "  volcanic  ash,' 
of  this  much  is  induiated  to  a  tolerably  firm  niateria) 
ejection  by  one  cause  or  another  and,  although  weathering 
frost  will  often  cover  the  slopes  of  a  mountain  such  as 
yama  with  detritus,  it  appears  to  me  that  volcanic  cones 
be  regarded  as  essentially  continuous  masses. 

Suppose  a  columnar  mass  of  uniform  coherent  materia 
surface  of  which  is  generated  by  the  revolution  of  some  < 
about  a  vertical  axis.  Let  the  height  of  this  column  be 
radius  y,  the  distance  of  any  horizontal  plane  from  the  b( 
the  specific  gravity  of  the  material  /),  and  the  coeflBcie 
resistance  to  crushing  stress  at  the  elastic  limit  x.     If  si 

*  Professor  Milne  does  not  give  his  condusion  in  this  form,  but  states  tl 
sum  of  equally  spaced  ordinates  will  be  to  their  difference  in  a  coDStant 
which  is  equivalent  to  the  statement  in  the  text 

f  The  volume  of  this  boM  ot  TQNoVxivioxi  \&  ol  <:ovit^i^^2^\fik  m  v^ite  of  tl 
that  its  length  is  infinite. 
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olomn  is  in  a  <x>nditioD  of  stable  internal  eqailibrium,  the 
otal  resistance  of  any  section  to  crashing  stress  must  at  least 
))iial  the  pressare  of  the  load  resting  upon  the  same  section, 
90  that  if  jp  is  the  pressure  of  a  load  which  would  strain  a  giyen 
Koetion  to  its  elastic  limit,  or  the  possible  load,  and  if  2  is  the 

ictoal  load,  Tp^l  and  ^^  1.    The  square  of  this  di£Eerential 

coefficient,  if  not  unity,  must  also  exceed  it,  so  that 

where  F  denotes  some  positive  quantity  the  limiting  value  of 
which  is  zero.     It  follows  from  the  definitions  that 


imd  therefore 


_/2xy  y^ 
\9)    y' 


dP 


the  accent  as  usual  denoting  the  dififerential  coefficient  taken 
with  regard  to  oc  The  volume  of  the  solid  of  revolution  above 
tiie  section  at  x  is  therefore 

For  the  limiting  value  F=0,  or  when  the  load  everywhere 
exactly  equals  the  carrying  power,  these  equations  give  for  the 
generating  curve 

z  well  known  formula  for  this  condition.  Since  this  logarith- 
mic carve  meets  the  axis  only  at  infinity,  the  condition  l=sp 
SDSwers  only  to  an  infinite  value  of  a. 

In  the  equation  for  the  volume,  either  term  may  be  regarded 
38  varying  iiidependently.    If  the  term  containing  y'  is  sup- 

r9d  constant,  the  volume  above  any  and  every  section  will 
a  maximum,  for  stated  values  of  the  constants,  when  the 
term  containing  F  is  a  minimum ;  and  this  must  be  true  even 
when  a  is  not  ^iven  the  special  value  oo.  Consequently  when  this 
term  is  a  minimum,  eacn  section  of  the  column  will  be  loaded 
48  nearly  to  the  elastic  limit  as  the  conditions  will  permit  and 
die  entire  column  will  contain  less  material  than  any  other 
itable  column  of  the  same  height,  or,  for  a  given  amount  of 
material,  will  be  the  highest  stable  column  which  can  be 
generated  by  the  revolution  of  a  continuous  curve,  or  which 
can  be  formed  under  the  action  of  a  uniform  law.  This  postu- 
late of  coDtiDuity  of  coarse  excludes  from  tiae  po«a\\A^  ^\i\\fc 
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forms  the  truncated  logarithmic  column,  with  or  without  an 
imposed  load.  It  appears  to  me  that  a  volcanic  cone,  formed 
as  indicated  at  the  beginning  of  this  paper  must  fall  under  this 
problem. 

For  the  sake  of  brevity,  I  propose  to  call  the  solution  of  this 
problem  the  form  of  least  variable  resistance,  a  term  intended  to 
include  as  a  special  case  the  form  of  uniform  resistance  or  the 
infinite  logarithmic  column.  The  form  of  least  variable  resist* 
ance  then  is  a  solution  of  the  equation 

/(y'-(^)V*)&==min., 

or  by  the  method  of  variations 


'/{^'-&)>h=''        ] 


giving 


or  y=A£-*^/'*''+B€^/^ 

where  A  and  B  are  arbitrary  constants. 

If  the  origin  of  the  curve  is  now  taken  at  the  center  of  the 

2x 
base  of  the  solid  of  revolution,  and  if  for  convenience  —  is 

P 

made  equal  to  c,  y  must  disappear  for  x=a  and  therefore 

When  a  =  GO,  e~  ^^^  =  0  and  the  equation  reduces  to  the  sint 
pie,  well-known  logarithmic  form  of  uniform  resistance.  If 
the  origin  is  taken  at  the  summit  of  the  cone,  and  both  x  and  y 
are  multiplied  by  c,  the  equation  may  be  written 

Here  b  must  be  determined  to  correspond  to  the  equation  of 
condition  which  becomes 

The  more  b  exceeds  b^  therefore,  the  smaller  will  be  4i'x.  Now 
it  is  well  known  property  of  i  that  it  exceeds  its  square  more 
than  any  other  number,  and  consequently  b=i.  Introdacing* 
this  value  and  restoring  c  the  equation  becomes 

—  x/c       x/c 
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nd  this  is  the  equation  of  the  curve  which  by  its  revolution 
bout  the  X-axis  will  generate  the  finite  unloaded  column  of 
least  variable  resistance."* 

This  is  the  same  curve  barring  the  value  of  constants  which 
have  shown  twice  elsewhere,f  characterizes  step  faulta  It 
light  have  been  deduced  directly  from  the  discussion  pre- 
sated  in  the  latter  paper  on  the  distribution  of  energy  in 
impressible  masses  unaer  the  action  of  a  constant  force,  or 
lat  discussion  might  have  been  evolved  from  this.  The 
rrangement  of  sheets  of  rock  in  a  complex  fault,  the  distribu- 
on  of  pressure  in  the  atmospheric  column,  the  form  assumed 
y  a  cold  rivet,  and  the  shape  of  a  volcanic  cone,  as  well  as 
ome  other  important  cases,  and  possibly  some  vegetable  forms:|: 
re  mere  variations  of  a  single  problem  and  find  their  solution 
Q  different  readings  of  the  equation 

!?here  w  is  the  energy  potentialized  per  unit  volume. 

The  quantity  —  is  the  natural  unit  of  the  volcanic  curve 

corresponding  to  the  constant  sub-tangent  of  the  infinite  form 
sind  to  the  constant  of  the  catenary  curve.  It  is  of  course  con- 
itant  for  any  given  homogeneous  material  and  different  for 
different  materials.     Consequently  solids  of  different  materials 

*  Whether  this  proposition  is  new  or  not  my  reading  is  insufficient  to  deter- 
Doine.  I  can  only  say  that  I  have  looked  for  it  in  vain  in  a  number  of  treatises  in 
which  it  might  have  been  expected  to  be  mentioned  if  known. 

t  Geology  of  the  Ck>mstock  Lode,  chap,  iv ;  Impact  Friction  and  FauItiDg,  this 
Joamal,  voL  rn,  p.  116. 

\  The  case  of  a  loaded  column  of  uniform  strength  seems  unlikely  to  be  met 
wi^  in  inorganic  nature  for  it  appears  to  imply  an  adjustment  of  the  column 
after  the  imposition  of  the  load.  1  strongly  suspect  however  that  the  simple 
logarithmic  column  is  the  form  to  which  tree  trunks  tend  in  forests  where  tiie 
^aence  of  winds  is  but  little  felt.  Where  such  trees  reach  a  large  size  and 
aipedilly  where  the  wood  is  soft,  the  increase  in  diameter  near  the  ground  is 
tny  marked.  Thus  in  the  red-wood  forests  of  California  the  largest  trees  are 
generaDy  cut  some  ten  or  more  feet  above  the  ground  to  save  the  inconvenience 
of  handling  a  trumpet  shaped  log.  This  increase  of  diameter  is  less  marked  in 
trees  of  moderate  size  than  in  very  large  ones  and  less  among  hard  wood  trees 
than  in  species  the  wood  of  which  is  soft.  Forest  trees  of  course  seek  the  light, 
and  one  can  scarcely  doubt  that  they  reach  it  as  rapidly  as  it  is  possible  to  do  so 
ooosistently  with  stability.  If  so  the  load  at  any  section  below  tiie  brandies  per 
imit  of  area  of  this  section  wiU  be  a  maximum  and  will  be  the  same  at  all  sections, 
ind  if  this  is  true  the  form  is  the  simple  logarithmic  column.  For  if  F  is  the 
ma  of  the  section  or  n-y^,  and  if  Fq  is  the  value  of  F  for  the  datum  plane,  the 
equation  may  also  be  written 

This  would  lead  to  a  simple  means  of  testing  the  question  under  favorable  cir- 
oimstaooes.  If  one  were  to  cut  a  well  developed  forest  tree  just  below  the 
braoches  and  divide  the  trunk  into  two  or  more  portions,  weigh  the  branches 
and  each  log,  and  measure  each  cross-section,  it  could  of  course  be  determined  in 
a  aaaent  whether  the  had  per  square  inch  of  all  sectiona  were  xmVLoim.  oi  TLiciX.. 
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oorresponding  to  this  equation  will  differ  only  in  scale  o 
be  geometrically  similar.  The  value  of  —  can  easily  I 
pressed  in  terms  <h  x  and  y.    It  will  be  foand  that 

4x'    ,       .    Ate 

which  gives 

2x__  y 

p*~(tan«:&-lH 

&  being  the  angle  which  the  tangent  at  any  point  makes 
the  X  axi&* 

In  the  figure  of  least  variable  resistance  the  radius  be( 
zero  when  ^=46^  Below  the  point  of  the  cone  ^  inc 
with  the  radius.  In  comparing  the  theoretical  form 
actual  occurrences  this  angle  is  especially  significant. 

Comparison  tmtk  actual  eases. — W  hether  or  not  the  figi 
least  variable  resistance  is  that  of  a  volcanic  cone,  can,  ] 
it  to  be,  determined  onlv  by  comparison  in  spite  of  the  s 
ently  good  reasons  wbicn  have  been  stated  for  such  a  sa; 
tion.  The  first  step  for  such  a  comparison  is  the  redact 
each  drawing  or  of  corresponding  numerical  data  to  the 

2 

unit,  which  can  be  done  by  help  of  the  formula  for  - 

given.     Professor  Milne  gives  diagrams  and  tabulated 
urements    of  Fusiyama    and    Kumagatake    which    I 
attempted  to  reduce  in  this  way.     The  diagrams  were 
from  selected  photographs  and  are  probably  slightly  bu 
tainly   not  greatly   distorted.      Their  actual  scale  is  i 
tunately  not  given.    For  the  left  side  of  Fusiyama  Pro 
Milne  gives  in  centimeters  the  position  of  eleven  points  c 
section  referred  to  the  axis  of  the  volcano.     Of  these  I  rej 
the  two  uppermost  for  reasons  to  be  mentioned  presentl} 

calculated  —  for  each  of  the  others,  assuming  that  the 

connecting  any  two  points  was  parallel  to  the  tangent 
point  half  way  between  them.  By  reference  to  Pro 
Milne's  diagram  it  will  be  seen  that  bis  points  are  so  clos( 

*  For  the  infinite  logarithmic  column  on  the  other  hand 

—  —   y 

p       tani^ 
while  for  the  catenary 
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90  sensible  error  is  involved  in  this  assumption.    The  average 

ralue  of  —  obtained  was  2*86  centimeters.     To  reduce  the 

P 
iiagram  to  any  desired  unit,  c,  it  is  only  necessary  to  redraw 

t  to  a  scale  in  which  ^r-^-^  is  treated  as  unity.     The  value  of  c 

2-86  ^ 

irhich  I  happened  to  find  convenient  was  4*".    I  drew  both 

lides  of  Fusiyama  to  the  same  scale  to  which  I  had  plotted  the 

equation  of  tne  solid  of  maximum  stability  and  give  the  plots 

3elow.    1  treated  Kumagatake  in  the  same  way,  getting  the 

ntlue  of  the  natural  unit  in  Professor  Milne's  diagram  as  2*61^. 

In  fig.  1  may  be  seen  the  theoretical  locus  and  Professor 

Hilne's  outlines  of  these  cones  reduced  as  described.    They 

lie  drawn  to  the  same  axial  line  but  to  different  bases,  so  that 

for  purposes  of  exact  comparison  a  tracing  of  one  should  be 

maoe  and  shifted  vertically  until  it  more  or  less  nearly  coin- 

^des  with  the  other.    If  this  is  done,  a  similarity  will  be 

lerealed  between  the  results  of  theory  and  the  facts  which 

seems  to  admit  of  but  one  explanation. 

1. 


FiouBX  1. — Theoretical  cuire  and  outlines  of  actual  volcanoes.   The  comparison 
is  to  be  made  by  vertical  transposition.     I,  is  y= — r — ;   II,  Milne's  outline  of 


FoByima;  111,  Milne's  outline  of  Kumagatake;  IV,  Shasta,  enlarged  from 
Tiber's  stereosoopic  view  from  north  side,  No.  1542 ;  V,  Hood  from  the  Dalles, 
«larged  from  Watkins'  New  Boudoir  Series,  D.  61 ;  VI,  Popocatapetl  enlarged 

2ic 
from  A.  Briguet's  photos  of  Ax^ueduct  of  Tomaooco  Mill,  No.  19 ;  c,  the  unit  or  — . 

I  may  mention  that  the  slopes  as  given  by  Professor  Milne 
are  reproduced  as  accurately  as  it  is  practicable  to  draw  them 
to  an  altered  scale,  and  that  the  natural  units  obtained  as 
stated  were  used  without  any  correction  or  adjustment  That 
for  Fusiyama  might  be  changed  a  trifle,  for,  according  to  my 
compatationa,  Professor  Milne  has  not  taken  tiae  ax\^  c\vi\\ft  ^X. 
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the  center.  On  recompating  it  however  for  the  slight  discrep- 
aDcy  mentioned,  I  find  that  the  difference  in  the  cross  section 
of  the  mountain  would  be  imperceptible  on  the  scale  of  the 
figure,  and  I  therefore  prefer  to  present  it  exactly  a8  it  resolts 
from  Professor  Milne's  measurements.  A  small  part  of  the 
lower  portions  of  the  left  sides  of  the  mountains  as  given  bj 
Professor  Milne  are  omitted  because  they  could  not  be  included 
without  unduly  reducing  the  scale  of  the  cut.  These  portions 
correspond  as  well  as  the  remainder  with  the  theoretical  form. 
Professor  Milne  gives  no  more  of  the  right  side  of  Kumagatake 
than  the  cut  shows. 

In  computing  the  value  of  the  natural  unit  I  rejected  the 
two  measurements  nearest  the  peak  because  the  summit  is  not 
only  most  subject  to  erosion  when  not  snow-capped  but  should 
not  theoretically  coincide  with  the  figure  of  least  variable 
resistance ;  for  such  a  coincidence  would  imply  an  infinitesi- 
mal  crater  while  the  existence  of  an  actual  crater  implies  the 
presence  of  less  matter,  or  a«  smaller  load,  close  to  the  summit 
and  consequently  a  more  rapid  convergence  of  the  sides. 
Strictly  speaking,  the  presence  of  a  crater  would  affect  the 
whole  figure,  but  the  influence  of  this  diminution  of  the  load 
will  manifestly  be  extremely  slight  excepting  near  the  crater 
itself  whenever  the  crater  is  small  compared  with  the  volume 
of  the  cone. 

For  the  sake  of  comparison  with  these  very  perfect  examples 
I  have  introduced  outlines  of  Mt.  Shasta,  Mt  Hood  and 
Popocatapet'l  carefully  reduced  to  appropriate  scales  from  pho- 
tographs. These  mountains  are  all  rather  irregular  but  will 
serve  at  least  to  show  a  striking  similarity  in  the  curvature  of 
volcanic  cones,  and  a  pretty  close  agreement  with  the  theo- 
retical form.  This  likeness  can  best  be  judged  of  *by  making 
a  tracing  of  the  theoretical  cone  and  placing  it  upon  the  ou^ 
lines  of  the  mountains.  Professor  George  Davidson  has  kindly 
lent  me  a  sketch  of  Mt.  Renier,  which  he  made  for  the  special 
purpose  of  recording  its  slopes.  Long  practice  in  this  kind  of 
work  makes  him  confident  that  this  sketch  is  correct  as  to 
angles  to  something  like  one  degree.  The  sketch  coincides 
most  remarkably  with  the  theoretical  form  but  is  not  added  to 
the  diagram  because  its  evidence  is  scarcely  comparable  with 
that  obtained  mechanically  by  photography.  In  the  case  of  a 
very  large  and  deep  crater  it  might  be  interesting  to  compare 
the  form  of  greatest  stability  with  that  of  the  wall  of  the  crater. 
If  E  were  the  radius  of  the  outer  surface  of  this  wall  at  any 
level  and  r  the  radius  of  the  inner  surface  the  area  of  the  ring 
would  be  7:{R^—r^)  and  (R''— r")^  would  have  the  same  value 
as  y  in  the  equation  given  for  a  pointed  cone. 

Professor  Milne  states  tV\«tt  \)cve  \v\^^\»  ^^^^V^\Na&  ^\«sa.\^ 
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K>ii  a  volcano  is  40^  apoD  Kamagatake,  while  he  notes  in 
storial  representations  of  volcanic  cones  angles  often  exceed- 
a[  50^  and  one  reaching  69^.  He  is  inclined  to  think  that 
totic  feeling  may  have  induced  exaggerations  in  these  case& 
her  geologists  have  of  coarse  also  called  attention  to  sach 
iarepresentations.  If  my  theory  of  the  form  of  volcanic 
nee  is  correct  these  objections  are  well  founded,  since  45^  is 
ached  only  at  the  (impossible)  point  of  a  solid  cone.  If  the 
in  walls  of  large  craters,  however,  are  sufficiently  solid  to 
ke  a  form  of  least  variable  resistance  higher  angles  than  45^ 
ill  occur. 

The  dastic  Umii  of  the  average  lava  of  cones. — Besides  its 
^metrical  importance  in  the  equation  of  the  volcanic  cone 

2x 
le  quantity  —  possesses  a  further  property  of  at  least  equal 

iterest  The  coefficient  of  resistance  at  the  elastic  limit  of 
be  material  of  the  cone  is 

2 

!7ow  X  is  a  constant  which  it  is  peculiarly  difficult  to  deter- 
mine experimentally  for  any  material,  while  it  is  one  of  prime 
importance  in  the  grand  question  of  geology,  upheaval  and 
subsidence.  The  value  of  c,  however,  can  be  immediately 
derived  from  observationB  on  Volcanic  c^nes  or  from  drawing 
to  scale  or  from  photo^phs  of  which  the  scale  and  the  angle 
of  the  plane  of  projection  to  the  vertical  are  known,  while  p  is 
determinable  for  uniform  material  with  the  utmost  accuracy 
and  ease  and  a  close  approximation  to  its  average  value  could 
doubtless  be  obtained  by  a  considerable  number  of  experi- 
ments for  the  materials  of  almost  any  volcanic  cone.  The 
Talne  of  />  is  capable  of  bein^  further  checked  by  the  results  of 
pendulum  observations.  The  form  of  the  more  regular  class 
of  volcanic  cones  will  therefore  enable  geologists  to  determine 
the  modulus  of  resistance  for  the  elastic  limit  on  an  enormous 
scale  for  an  extremely  important  class  of  the  constituents  of 
the  earth's  ^' crust,"  and  if  the  scale  should  prove  not  to  com- 
pensate for  the  uncertainty  as  to  the  value  of  the  density,  the 
method  cannot  fail .  to  afford  a  valuable  check  on  those  ob- 
tained from  laboratory  experiments. 

Mr.  Mark  B.  Kerr  of  the  U.  S.  Geological  Survey  has  kindly 
fornisbed  me  with  a  surveyed  section  of  the  *' Sugar  Loaf,'' 
Siskiyou  County,  California.  It  is  shown  in  fig.  2  with  the 
theoretical  curve  on  a  larger  scale  than  that  employed  in  fig.  1. 
The  agreement  is  very  good  and  the  scale  being  known  gives 

c= — =  2660  feet  z=  780*26  meters, 
P 
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The  height  of  a  uniform  colamn  of  this  material  which  will 
strain  its  lower  surface  to  the  elastic  limit  is 

-=1280  feet  =  390  meters. 
P 

If  its  specific  gravity  is  8,  the  load  it  will  bear  at  the  limit  of 

elasticity  per  square  centimeter  is  117  kilos.     This  is  a  ve^ 

reasonable  result,  for  I  find  in  a  table  compiled  from  a  number 

of  trustworthy  sources  the  following  values  for  the  pressure  at 

the  breaking  point  ^which  is  of  course  greater  than  that  at  the 

elastic  limit).     Gooa  brick,  100  kilos,  pr.  sq.  cm. ;  sandstone, 

200;    limestone,  300;   granite,  600.     It  is  probable  that  the 

mean  specific  gravity  of  the  cone  is  below  3  and  its  canyioff 

power  not  much  above  that  of  good  brick.     A  good  suite  cl 

specimens  would  be  necessary  to  give  this  determination  much 

value   because  of  the   uncertainty  as  to  the   density  of  the 

material,  but  it  at  least  exhibits  the  method.* 

2. 


FiGUBE  2. — Theoretical  curve  and  survejed  section  of  Sugar  Loat  Siskivoo 

County,  California.     The  comparison  is  to  be  made  bj  vertical  transpositioiL 

2k 
Elevation  of  base,  4000  feet ;  of  summit,  6399  feet    c  =  — . 

P 

Lunar  volcanoes. — If  p  is  given  the  form  mg,  where  m  is  the 
mass  of  the  unit  volume  and  g  the  acceleration  of  gravitation, 

c  or  —  is  inversely  proportional  to  g.     Hence,  if  the  attraction 

if 

of  gravitation  at  the  earth's  surface  were  to  diminish  c  would 

*  Since  this  paper  was  completed  I  have  had  access  to  the  maps  of  Ut.  Shtfti, 
receutly  made  by  the  U.  S.  Geological  Survey.  For  the  sake  of  testing  the 
theory  set  forth  above  four  vertical  sections  through  the  summit  were  prepued 
by  the  topographical  assistants  on  lines  running  north  and  south,  east  and  wwt, 
northwest  and  southeast,  northeast  and  southwest.  All  of  these  profUes  showed 
a  very  satisfactory  general  agreement  with  the  theoretical  form  and  yield  a  tbIw 
for  k/p  of  about  1320  feet  or  within  40  feet  of  that  found  for  Sugar  Loaf,  so  ^t 
considering  the  roughness  of  the  method  the  two  results  are  to  be  regarded  u 
substantially  identical.  The  main  maA«  oC  Shasta  a^^poara  to  consist  of  andesitea, 
somewhat  "  trach3rtic"  in  texture. 


€f.  f.  Matthew — New  genue  of  Ccmifmcm  PUropode.  398 

crease  and,  oekris  paribus^  loftier  voIcaDic  cones  would  result. 
» therefore,  the  material  of  the  volcanic  cones  on  the  moon 
Deely  resembles  that  of  those  on  the  earth,  the  enormous 
d^ht  of  lunar  volcanoes  is  in  part  ascribable  to  the  feebleness 
'  uie  attraction  which  the  moon  exerts  upon  bodies  at  its  sur- 
oe.     On  the  other  hand,  studies  of  the  lorm  and  dimensions 

:  lunar  volcanoes  would  lead  to  values  of  -,  from  which  it 

P 
light  be  determined  approximately  whether  the  height  of  a 

>lamn  of  lunar  lava  which  would  strain  its  lower  surface  to 

le  elastic  limit  does  or  does  not  correspond  to  that  of  columns 

f  terrestrial  lavas ;  a  step  of  some  interest  in  lunar  physical 

leology,  and  one  which  might  even  lead  to  a  guess  as  to  the 

ithological  character  of  the  lunar  rock,  since  different  lavas 

X 

probably  have  diflferent  characteristic  values  of  -. 

Office  TJ.  S.  Qt%o\.  Surrey,  San  Frandsoo,  Feb.,  1886. 


Abt.  XXXVIII. — Notice  of  a  new  genus  of  Pteropods  from  the 
Saint  John  Oroup  {Cambrian);  by  Geo.  F.  Matthew. 

In  studying  the  organic  remains  of  the  St  John  Group  the 
writer  has  met  with  a  new  genus  of  Pteropods  which  is  of 
interest  as  showing  the  relation  of  the  ancient  genus  Hyoliihes 
ind  its  allies  to  the  Cephalopods. 

Eichwald's  genus  Hyoliihes  was  based  on  a  species  which  is 
oamerated  near  the  apex  ;  but  the  new  genus  not  only  has  this 
cbambered  area  near  the  apex,  but  is  also  divided  by  dia- 
phragms on  one  side  of  the  shell,  nearly  to  the  aperture,  some- 
what in  the  manner  of  Phragmotheca  of  Barrande.  It  may  be 
described  in  the  following  terms: — 

DiPLOTHECA  n.  gen. 

Slender  oval  cones  somewhat  triangular  in  section  with  abbrevi- 
akd  or  attenuated  apices.  In  the  narrower  part  of  the  tube  or  cone 
Aert  are  several  septa  that  divide  off  segments  of  the  tube  from  the 
hody  cavity  {chamber  of  habitation).  The  body  cavity  is  separated 
from  one  side  of  the  outer  shell  by  a  thin  partition  supported  by 
idicate  transverse  septa  or  diaphragms.  The  apex  in  one  species 
ii  prolonged  into  a  narrow  attenuated  flexible  tubule  with  trans- 
feree annulations  {diaphragms  f)  at  regular  intervals. 

This  genus  differs  from  Oamerotheca*  (another  group  of 
TycUHhoid  shells  associated  with  it  in  the  same  measures)  in 
be  more  rapid  enlargement  of  the  shell  during  growth  (which 

*  Described  in  the  CanadisD  JSecord  (Canadian  lSatuia!i\i^\  \%%^. 
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thos  formed  a  shorter  cone  than  Camerothecd)^  and  in  having  a 
firmer  and,  as  preserved  in  the  shales,  rounder  side,  where  it  hu 
the  support  of  the  lateral  diaphragma  This  feature  of  the 
endo-skeleton  is  most  distinct  in  two  species,  varieties  of  which 
are  found  in  the  sandstones  near  the  base  of  Div.  1  of  the  St 


T 


John  Group.  The  shells  of  these  pteropods  are  here  found 
scattered  over  the  surface  of  the  sandy  layers  of  an  old  sea 
bottom,  close  to  the  shore  line ;  and  occur  mingled  with  the 
material  forming  the  casts  of  worm  burrows  and  imbedded  in 
phosphatic  nodules.  They  thus  occupied  locations  where  in 
later  formations  lamellibranchs  might  be  looked  for :  bat  the 
remains  of  numerous  individuals  of  the  species  of  this  genos 
are  also  found  in  fine  shale  at  a  higher  horizon,  showing  that 
the  genus  inhabited  deeper  waters  as  well. 

Further  particulars  of  these  species  will  be  found  in  an  arti- 
cle read  before  the  Royal  Society  of  Canada,  1885. 

Reference  to  the  figures: 

la.  Diploiheca  acadica  Hartt,  sp.  var.  craasa^  dorsal  view,  showing  the  dii* 
phragras  of  the  endoskeleton.  The  diaphragms  near  the  aperture  and  the  septi 
near  the  apex  are  exposed  by  the  abrasion  of  the  shell. 

lb.  Same,  transverse  section,  showing  the  body  cavity  partly  enveloped  bjthe 
phragraated  part  of  the  tube  (represented  by  the  shaded  area). 

2a.  Diploiheca  UyaUiancL,  |,  vertical  section,  showing  the  septa  at  the  apex  of 
the  tube,  aud  the  diaphragms  at  the  side. 

2b.  Same,  section  of  a  flattened  shell,  fh>m  front  to  back,  showing  the  carved 
apex. 

2c.  Diploiheca  EycUtiana  var.  catidata^  {,  showing  the  annulated  flexible  tubulfl 
attached  to  the  apex. 

3a.  Phragmoiheca  Bohemica  Barr.,  showing  along  the  axial  line  the  place  where 
the  phragmated  sheath  is  found  and  the  closeness  of  its  diaphragms — ^flgured  for 
comparison. 

3b.  Same,  transverse  section  of  the  shell,  the  shaded  portion  maricB  the  narrow 
phragmated  sheath. 

St.  John,  N.  B.,  July,  IftS^. 
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RT.  XXXTX. — Qype's  Tertiary  Vertebrata;*  by  J.L.WoRTM-AJ^. 

The  exceptional  facilities  which  this  coantrj  affords  for  re- 
arches  into  the  history  of  its  extinct  vertebrate  inhabitants 
ive  been  well  known  ever  since  the  rich  fossiliferoas  deposits 

the  Bocky  Mountain  region  were  first  brought  to  the  atten- 
on  of  stadents  of  geology. 

The  unusual  qualifications  necessarv  for  a  successful  prose- 
ition  of  investi^tions  in  this  brancn,  as  well  as  a  general 
ick  of  the  requisite  facilities  in  the  way  of  large  osteological 
ollections  in  this  country,  have  no  doubt  prevented  many 
rom  entering  this  field  of  study. 

The  expense  likewise  attendant  upon  the  collection,  prepara- 
ion,  and  illustration  of  material  is  so  considerable  that  only 
ihose  who  have  a  comparatively  large  amount  of  means  at  their 
lisposal  can  make  much  headway  in  it.  While  these  causes 
bave  necessarily  limited  the  number  of  investigators  to  an 
extent  by  no  means  commensurate  with  the  material  to  be 
investigated,  activity  has  nevertheless  been  proportionately 
^t  since  Leidy,  Cope  and  Marsh  began  making  collections 
of  fossil  remains  in  the  West  Later  Scott  and  Osborne  of 
Princeton  have  been  more  or  less  actively  engaged  in  the  same 
pursuit. 

As  a  result  of  the  study  of  these  collections  great  contribu- 
tions to  our  knowledge  of  the  extinct  vertebrate  fauna  have 
been  made.  Those  of  Leidy  were  the  first,  and  their  superior 
excellence  must  always  remain  a  monument  to  his  scholarly 
attainments. 

Contributions  by  Cope  and  Marsh  have  followed  from  time 
to  time,  some  of  which  have  been  complete  and  handsomely 
illustrated ;  their  value  is  of  high  order.  Up  to  within  a 
comparatively  short  time  however,  the  greater  part  of  their 
immense  collections,  especially  those  from  the  Tertiary  horizons, 
have  been  made  known  only  through  preliminary  descriptions 
and  stray  papers  in  which  little  else  was  attempted  than  a  brief 
and  hasty  description  of  the  most  salient  characters  of  the  new 
species  and  genera  discovered. 

Within  the  present  year  two  notable  quarto  volumes  have 
3een  issued  by  the  U.  S.  Geological  Survey,  forming  the 
nost  considerable  contributions  to  the  subject  which  have  yet 
ippeared  in  this  country.  One  of  these  is  by  Professor  E.  D. 
)ope  of  Philadelphia,  and  is  devoted  to  the  vertebrate  fauna  of 
be  older  Tertiary  deposits  of  Western  America.  It  comprises 
Dmewhat  over  one  thousand  pages  of  text,  which  is  illustrated 

♦  U.  S.  Geolog.  Suit.  Territories.  The  Vertebrata  of  the  Tertiary  formation 
•'  the  West    Book  L    Bj  Edw.  D.  Cope.    Washington,  IftSB-lft^^. 
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by  one  hundred  and  thirty-three  beautifal  lithographic  platesL 
As  it  covers  but  little  more  than  one-half  of  the  entire  Te^ 
tiary  fauna,  it  is  soon  to  be  followed  by  another  volume  of 
equal  dimensions  which  will  be  devoted  to  the  later  horizons. 

To  students  of  Mammalogy,  this  work  will  prove  of  unasoal 
interest  on  account  of  the  flood  of  light  which  it  throws  qdoq 
the  origin  and  relationship  of  many  groups  which  have  hith- 
erto proven  puzzles  to  the  oest  zoologists.  One  of  the  leading 
questions  in  the  studv  of  the  Mammalia  is  their  origin  and 
succession.  It  is  well  known  that  they  make  their  first  appea^ 
ance  in  rocks  of  Triassic  age;  that  they  continue  to  be  repre- 
sented by  a  few  small  marsupial-like  creatures  up  to  the  begin- 
ning of  the  Cretaceous  period,  where,  with  a  single  exception,* 
the  record  is  lost  until  the  Eocene  is  reached.  Tt  is  likewise 
well-known  that  the  fauna  of  this  period  is  comparatively 
highly  specialized  and  comes  into  existence,  so  far  as  we  now 
know,  without  announcement  in  the  preceding  formation. 

Previous  to  the  discoveries  of  Professor  Cope,  the  Wasatch 
was  the  oldest  Eocene  deposit  of  which  we  had  any  knowl- 
edge. These  beds  contain  the  remains  of  an  extensive  fauna, 
a  large  proportion  of  which  is  composed  of  Perissodaotyle 
ungulate&  They  likewise  contain  Rodents,  Lemurs,  Creodonta, 
Taxeopods,  etc. 

In  the  present  volume  we  have  brought  to  our  attention  an 
Eocene  fauna  which  antedates  that  of  the  Wasatch,  viz :  that 
of  the  Puerco.  Here,  so  far,  no  Perissodactyles  have  been  dis- 
covered ;  neither  have  Rodents  as  yet  been  found,  although  it 
appears  to  be  quite  rich  both  in  species  and  individuals.  Since 
these  groups  have  always  been  hitherto  regarded  as  a  constant 
feature  of  any  early  Eocene  fauna,  this  is  somewhat  remark- 
able. 

The  Perissodactyles  appear  to  be  replaced  by  a  most  extra- 
ordinary group  to  which  an  ordinal  rank  has  been  assigned  by 
the  author  under  the  name  Taxeopoda.  The  Rodents  are  repre- 
sented by  the  Tcemodonta,  an  assemblage  of  extinct  forms  with 
large  scalpriforra  incisors  in  both  jaws,  while  Lemurs,  Creo- 
dents  and  primitive  allies  of  the  Coryphodonts  go  to  make  up 
the  list  of  the  mammals. 

Altogether,  the  /acies  of  this  fauna  is  much  more  primitire 
than  that  of  any  other  group  of  Eocene  Mammalia  so  fiir 
known,  and  its  discovery  may  be  justly  regarded  as  the  most 
important  that  has  been  made  in  this  subject  within  the  past 
decade.  To  those  who  await  with  confidence  the  discovery  of 
the  connecting  links  between  the  mammals  of  the  Jurassic  and 

*  Messrs.  Wortman  and  Hill  discoyered  the  remains  of  a  imall  Stereognatfa  mtr 
supial  in  the  Laramie  deposits  of  Dakota  in  the  summer  of  1883,  aasodated  with 
the  bones  of  huge  DinoBaura.    To  \li\a  s^d^^Co^  ^v«  thA  name  Meniscoittiu. 
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B  rich  fauna  of  the  Eocene  as  heretofore  understood,  the  dis- 
v^ery  of  the  Puerco  constitutes  a  bold  advance. 
Ab  regards  the  important  additions  to  our  knowledge  of 
eciml  groups,  which  this  work  contains,  they  are  so  numer- 
•  that  it  IS  impossible  to  mention  more  than  a  few  of  the 
iding  ones  in  this  connectioD.  We  have  here  presented  for 
B  first  time  any  thing  like  a  broad  and  comprehensive  gene- 
liaation  of  the  relationships  of  the  hoofed  Mammalia.  Assum- 
g  as  a  basis  of  understanding  the  fact  that  the  limb  structure 
IS  been  all  iniportant  to  these  animals  in  the  struggle  to  sur- 
▼Cy  Professor  Cope  has  divided  them  into  four  groups  aecord- 
g  to  the  degree  of  modification  of  the  carpal  and  tarsal 
ticulations. 

He  has  shown  that  in  all  primitive  ungulates  the  carpal  and 
inal  bones  are  serially  arranged ;  that  is  to  say,  those  of  the 
roztmal  row  are  directly  superimposed  upon  the  correspond- 

31  elements  of  the  distal  set,  a  condition  whose  mechanical 
vantage  in  sustaining  the  weight  of  a  bulky  body  in  rapid 
lovement,  is  much  inferior  to  that  of  the  higher  types  in 
rhich  the  carpal  and  tarsal  bones  interlock. 

The  four  orders  which  he  thus  constructs  are  the  Taxeopoda^ 
imblypodaj  Proboscidea  and  Diphrthra.  The  first  of  these  is 
he  most  primitive,  being  pentedactyle,  probably  semi-planti- 
prade,  bunodont,  and  in  many  ways  approaching  the  clawed 
Nrders.  It  attained  its  greatest  development  in  the  Puerco 
spoch,  where  it  is  represented  by  numerous  species  and  genera. 
Recording  to  the  views  of  Professor  Cope,  which  seem  to  be 
inosaally  well-founded,  this  group  forms  the  central  stem  from 
irhich  the  others  have  been  derived,  having  as  a  cotemporary 
in  the  Puerco  horizon  the  Taligrada,  a  sub-order,  which  estab- 
lisfaes  a  close  connection  between  it  and  the  Pantodonta  of  the 
later  Eocene. 

It  is  here  also  that  the  Hyrax,  that  anomalous  nondescript, 
br  the  first  time  finds  fellowship,  being  at  the  same  time  the 
)Dly  living  representative  of  thin  remarkable  order.  It  appears 
to  be  an  oversight  on  the  part  of  Professor  Cope  that  ne  did 
lot  detect  the  ancestral  connections  of  the  tree  Hyrax  with  his 
Mmiseoiheriidoe^  a  family  of  the  Taxeopoda.  It  is  likewise  some- 
rbat  questionable  whether  he  is  correct  in  giving  the  Toxo- 
ontia  a  position  in  this  order. 

With  reference  to  the  immediate  connections  between  the 
Hplaaihra^  a  group  corresponding  to  the  Ungulata  of  most 
ithors,  and  the  Taxeopoda,  comparatively  little  has  been 
ade  out;  neither  do  we  receive  any  additional  light  upon  the 
rect  ancestry  of  the  Proboscidians  in  the  present  contribu- 
>iL     The  internsl  arrangement  of  the  Taxeopoda  is  thoroughly 

Ax.  JouE,  Soi.'^Tbjbd  SmuMB,  Vol.  XXX,  No.  IIS.— Oot.,  \%W. 
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considered  and  many  genera  and  species  described.  The  char- 
acters of  the  order  are  established  principally  upon  unusoallj 
perfect  skeletons  of  Phenacodus  primcevu£  and  P.  Vortmani^ 
which  were  obtained  by  one  of  his  collectors  in  the  valley  of 
the  Big  Horn  in  Wyoming  Territory. 

A  fact  of  no  small  significance  is  ascertained  with  regard  to 
the  superior  molar  teeth  of  some  of  the  Puerco  representatives. 
They  are  shown  to  be  tritubercular  and  are  therefore  the  sim- 
plest pattern  which  is  known  to  exist  in  any  ungulate.  From 
this  the  evolution  of  the  teeth  of  all  the  Ungulata  from  a  sim- 
ple type  appears  to  be  demonstrated. 

In  the  Perissodactyle  division  of  the  Diplarthra  much  is 
added  to  our  knowledge.  The  suborder  is  for  the  first  time 
divided  into  families  whose  exact  limits  are  defined  and  the 
genera  systematically  arranged.  The  osteology  of  the  four- 
toed  equine  representative,  Hyracoiherium,  is  thoroughly  de- 
scribed, and  an  almost  complete  skeleton  figured.  The  oste- 
ology of  the  Lophiodont  genera,  Triphpus  and  Byrachyus^  are 
also  described  from  exceptionally  perfect  skeleton.s.  As 
already  indicated,  the  discovery  of  the  laltgrada,  a  new  sub- 
order of  the  Amblypoda,  constitutes  the  principal  advance  in 
our  information  respecting  this  division,  nevertheless  numerous 
genera  and  species  related  to  the  Coryphodonts  as  well  as  one 
extremely  interesting  genus  Bathyopsisj  near  to  Loxolophodon^ 
are  also  described  and  figured. 

Another  generalization  of  scarcely  less  importance  is  that 
which  relates  to  the  arrangement  of  the  clawed  Mammalia. 
From  the  previous  publications  of  Marsh  and  Cope  we  have 
been  made  acquainted  with  the  remains  of  several  extinct 
groups  which  display  characters  intermediate  between  those  of 
orders  now  living.  These  are  the  TiHodoniia  of  Marsh,  which 
has  both  Insectivorous  and  Rodent  aflSnities,  the  Toeniodonia  of 
Cope,  which  seems  to  connect  the  Tillodonts  with  existing 
Edentates  and  the  Ci^eodonta  of  Cope,  which  apparently  blend 
the  modern  Carhivora  with  the  ancient  Inseciivora.  Theee, 
together  wiih  all  existing  Insectivores  as  well  as  the  Lemurs, 
are  grouped  into  a  single  order  under  the  name  Bunotheria  and 
their  relationship  defined. 

This  has  appeared  indeed  necessary  since  the  additional  evi- 
dence which  paleontology  affords  unquestionably  demonstrates 
the  close  aflBnities  of  these  groups  and  strongly  suggests  a  com- 
munity of  origin.  Only  three  of  these  divisions  are  found  in  the 
Puerco,  and  these  are  the  Oreodonta,  which  are  nothing  more 
than  slightly  specialized  Insectivores,  the  Tcmiodonta  and  the 
Lemurs.  It  is  evident  therefore  that  the  Tillodonts,  Edentates 
Bats,  Carnivores  and  Rodents  must  have  been  derived  froca 
these  three,  and  seeing  that  the  latter  are  so  closely  related  ^^ 
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is  epoch  it  would  not  do  very  great  violence  to  the  system  to 
lite  under  this  order  an  even  greater  number  of  these  divis- 
ns  than  is  done  By  Professor  Cope.  The  origin  of  the  Car- 
vara  from  the  Inseciivora  through  the  specialized  ofifshoot 
reodonta  is  demonstrated  beyond  all  peradventure,  it  seems  to 
I,  while  many  interesting  and  important  facts  have  been  dis- 
>vered  which  throw  a  great  deal  of  light  upon  the  philogenetic 
story  of  the  Dogs  and  Cats  of  modern  times. 
Although  not  indicated  by  Professor  Cof)e,  it  seems  in  the 
ghest degree  probable  that  in  his  Insectivorous  genus  Esthonyx^ 
e  have  the  ancestor  of  the  Tilhdontia,  which  in  turn  gave 
rigin  to  the  Toxodoniia. 

Among  the  Lemuroids  many  new  and  interesting  genera  are 
3ded  to  the  list,  as  well  as  much  important  information  re- 
[>ecting  them.  Prominent  among  these  is  the  description  of 
ae  skull  of  Anaptomorphus,  a  remarkably  specialized  form  for 
0  earlv  a  period  as  the  Wasatch  from  whose  rocks  it  was 
lerivea.  Others  of  scarcely  less  importance  are  described  and 
igured. 

Another  discovery  of  importance,  which  is  here  recorded, 
"elates  to  the  probable  ancestry  of  certain  of  the  marsupials, 
Deluding  the  very  curious  genera  Plagiaulax  and  Thylacoleo. 
According  to  Professor  Cope,  Ctenacodon  of  Marsh,  from  the 
iimerican  Jurassic,  is  the  ancestral  type  from  which  these  Pla- 
^aulacid  Marsupials  were  derived.  The  line  of  development, 
18  indicated  by  him,  is  as  follows:  Ctenacodon^  Plagiaulax, 
PUlodus,  Caiopsolis  and  Thylacoleo.  Ptilodus  and  Catopsolia, 
from  the  Puerco  Eocene,  are  the  important  links  which  have 
been  added  by  Professor  Cope,  establishing  not  only  an  inter- 
esting fact  of  phylogeny,  but  adding  at  the  same  time  another 
link  to  the  chain  between  the  Jurassic  and  Eocene  Mammalia. 

Altogether  this  ponderous  volume  forms  one  of  the  most 
nbstantial  contributions  to  the  subject  which  has  ever  been 
aaade,  and  certainly  marks  an  epoch  in  the  history  of  paleonto- 
logical  science.  The  genera  and  species  considered  are  well 
systematized  and  defined,  the  descriptions  clear  and  accurate, 
^hile  the  illustrations  are  for  the  most  part  well  done.  That 
which,  however,  will  in  all  probability  commend  the  work  most 
to  thoughtful  students  of  paleontology,  is  the  unusual  grasp  of 
its  philosophic  deductions  which  are  in  every  way  worthy  of 
the  marked  ability  of  its  author. 

U.  S.  Anoj  Med.  Mus.,  Washington,  D.  0. 
July  16,  1886. 
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Art.  XL. — Observations  umn  the  Tertiary  of  Alabama;  by 

T.  H.  Aldrich. 

In  the  following  article,  the  results  of  a  personal  examina- 
tion of  the  Tertiary  of  Alabama  are  given  so  far  as  is  necessary 
to  reply  to  the  papers  of  Dr.  Otto  Meyer  in  the  June  and  July 
numbers  of  this  Journal,  entitled  "  The  Genealogy  and  the  Age 
of  the  species  in  the  Southern  Old-tertiary." 

The  proof  of  the  stratigraphical  relationship,  as  worked  out 
by  Dr.  Meyer,  rests  upon  quotations  from  previous  writers  upon 
the  subject,  and  upon  a  theory  of  descent  and  resemblance, 
which  Dr.  Meyer  applies  to  the  fossils  of  the  diflFerent  groups. 
There  does  not  seem  to  be  any  positive  statement  in  his  articles 
that  the  superposition  of  the  beds  as  given  by  him  came  under 
his  actual  observation,  therefore  I  shall  proceed  by  giving  the 
stratigraphy  at  different  points,  and  then  some  remarks  upon 
his  identifications  of  species. 

The  old  town  of  Claiborne,  Ala.,  is  built  upon  what  is 
locally  known  as  "second  bottom"  of  the  Alabama  Eiver, a 
level  sandy  plain  over  a  mile  wide  at  this  place  ;  Jackson  on 
the  Tombigbee  River,  and  Selma  and  part  of  Montgomery, 
both  upon  the  Alabama  River,  are  built  upon  the  same  terrace 
and  present  almost  precisely  the  same  topographical  features 
as  Claiborna 

This  terrace  apparently  is  the  oldest  upon  these  rivers  and 
has  been  subject  to  extensive  erosion.  The  drift  following 
filled  up  the  depressions  to  a  level  plain,  on  the  remains  of 
which  Claiborne  now  stands. 

Going  toward  Perdue  Hill  through  the  main  street  of  Clai- 
borne (which  runs  in  a  southeasterly  direction)  at  a  point  about 
one  and  a  half  miles  back  we  reach  the  base  of  the  hill ;  as  we 
ascend  it  we  find,  in  the  road  and  gullies  alongside,  limy  spots 
indicating  the  presence  of  the  "  Wnite  Limestone"  below,  and 
at  a  point  about  two  miles  from  the  bluff,  on  the  side  of  the 
road,  there  is  an  outcropping  of  the  White  Limestone  highly 
charged  with  Orbitoides  and  casts  of  several  different  forms 
of  shells ;  by  the  aneroid  barometer  this  point  is  110  feet 
above  the  top  of  the  bluff  at  the  river.  These  limy  spots  con- 
tinue to  show  still  higher,  with  an  occasional  outcrop  nearly  to 
the  top  of  the  hill.  The  crown  of  the  hill  is  covered  with  the 
red  loam,  and  is  180  feet  above  the  top  of  the  bluff. 

The  dip  of  the  stnita  at  Claiborne  seems  to  be  a  little  west 
of  south,  therefore  this  street  is  very  nearly  upon  the  strike. 
This  fact,  together  with  the  difference  in  level,  plainly  proves 
that  at  Claiborne  itself  the  White  Limestone  is  above  the 
Ciaibome  group.      The  dip  of  the  strata  can  be  shown  by 
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Dns  made  by  a  careful  writer,  the  Rev.  C.  S.  Hale  ;* 
359  of  that  article  he  states  that  the  Claiborne  sand 
ppears  at  low  water  at  a  point  four  miles  south;  the 
:  the  bed  at  the  Claiborne  bluflf  ia  about  90  feet  above 
r;  this  shows  a  southerly  dip  of  at  least  22  feet  per 
le  true  dip  is  more  than  this,  as  the  river  runs  W.S.W. 
:hese  places. 

lo\jing  section  with  the  above  explanation  will  give 
ew  of  the  vicinity  of  Claiborne. 


e 

i 


Section  from  the  river  through  Claiborne  to  Perdue  Hill. 

(a.)^limy  spots. 


3f  Claiborne  where  the  road  crosses  Randon*s  Creek,  I 
e  specimens  of  Pecten  PouUoni  Mort.,  Orbiioides  Man-- 

a  species  of  Echinus  and  several  casts  of  other  shells. 

species  are  also  found  at  Perdue  Hill, 
jction  of  Claiborne  bluff  following  shows  (No.  9  and 

not  given  by  Dr.  Meyer,  probably  owing  to  a  higher 
water  at  the  time  of  his  visit.  There  is  otherwise  no 
difference.  The  measurements  were  made  at  the 
ding  with  the  exception  of  the  two  lowest  beds  which 
it  the  upper  landing  and  above  (another  proof  of  a 

dip). 

here  to  correct  an  error  which  seems  to  be  made  by 
ery  writer  who  has  given  a  profile  of  the  bluff  at 
!,t  and  that  is  the  designation  of  the  lower  part  of  the 
I  section  as  lime-tone.  It  is  a  calcareous  clay  and  not 
,  the  average  proportion  of  lime  being  about  12  per 
d  WinchelTs  statement  that  this  bed  has  not  been 
d  elsewhere  is  also  erroneous,  as  shown  further  on. 
Fos.  9  and  10  are  particularly  interesting  from  the  fact 

of  South  Alabama,  by  C.  S.  Hale,  this  Journal,  II,  toL  vi,  pp.  354- 

J.  A.  N.  S ,  Ist  Series,  vol.  vii,  p.  122.    1834.    Winchell,  P.  A.  A.  8., 

,  p.  86.     Tuomey,  1st  Bien.  Rept.,  J  850,  p.  162. 

itrib.  to  Geol.,  1833,  p.  22.     Mell,  Tr.  Am.  Inst  M.  Engrs.,  1880. 
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Section  of  the  Blr^at  Ciaiborne,  Ala. 
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they  contain  species  in  abandance  that  are  rare  in  the 
)orne  sand.  T\Lrriiella  Mortoni  is  found  very  large  here, 
ig  to  illness  a  complete  list  oF  species  has  not  yet  been 
^red.  The  geographical  distribution  will  be  given  in  the 
re;  the  range  of  many  Hpecies  will  be  a  surprise  to  those 
rely  upon  paleontological  evidence  alone  to  prove  the  age 
le  various  beds  of  the  Tertiary  of  Alaliama  and  Missis- 
.  In  niany  cases  actual  superposition  seems  to  be  the 
sure  G:uide. 

3w  if  Dr.  Meyer's  theory  is  correct  we  should  find  under- 
ii  the  Claiborne  beds  the  Jackson  and  Vicksburg  forma- 
u 

e  give  below  what  we  actually  found.  Proceeding  up  the 
'  from  the  Claiborne  Landing  we  lose  all  trace  of  the  Ter- 
'  rocks  in  about  a  mile  and  a  half ;  then  till  we  reach  Lis- 
on  the  west  side  of  the  river  about  five  miles  up,  only  the 
Dt  bottom  lands  appear;  here  is  a  fine  exposure  oi  the 
ir  Claiborne  beds  in  a  nearly  vertical  bluff  about  a  mile 

r 
>• 

Section  at  Lisbon. 

Surface  soil  or  loam 20  feet. 

Sandy  strata  with  clay  streaks,  no  fossils  observed, .  10  feet. 
Sandy  clays,  dark  brown,  badly  weathered,  highly 
)8siliferous,  equals  No.  0  and  10  of  Claiborne  section, 
ODtains  some  new  species,  also  Amphideama  limosa 
!oD.,  Area  rJiomboideUa  Lea,  TurriteUa^  n.  s.,  F! 
lanicosta  Lam.,  V.  rotunda  Lea,  Lucina  compressa 
lea,  Aincillopsis  vetastus  Con.,  HoateUaria  Whitfieldi 

leilpr.,  etc.    12'  O'' 

Hard  sandy  ledge 0    %' 

Calcareous  clayey  sands,  light  yellow   when   wet, 

3arly  white  when  dry* 6'to8'0 

Coarse  grained  ferruginous  sands,  fossils  numerous..  3'  O'' 
ind  (7)  Xiight  yellow  sand  with  a  hard  ledge  on  top, 

wer  five  feet  dark  blue  when  wet 20  feet. 

Blaish-black  clay  with  remarkable  fucoidal  looking 
ised  rib-like  concretions  upon  the  exposed  bedding 
anes 8  feet. 

o.  8  is  the  top  of  the  Buhr-stone  series  which  are  exposed 
ler  up  the  river.     Lapparia  dumosa  Cod. ,=  Mitra  pactilis  of 
borne  sand,  is  found  in  No.  5.     This  is  the  only  Jackson 
1  in  addition  to  those  alrea<ly  known  found  here, 
bout  one  mile  from  McCarty's  ferry  on  the  Tombigbee 

liere  is  a  remarkable  difference  in  color  between  beds  when  wee  and 
dry.      At    Prairie    Bluff.    Ala.,   we   noticed   that   deep  blue   clayey  beds 

ler  out  higher  upon  the  bluff,  where  peifectly  dry.  to  a  nearly  pure  white 
The  distinctive  characters  are  so  few  between  hundreds  ol  la'j^t^  W^aX  \^ 

"d  to  characterize  them  so  as  to  be  recogniased  by  a  tuiUTQ  cibserv^i. 
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Eiver,  we  measured  the  Buhr-stone  with  the  aDeroid,  making 
it  270  feet  thick  from  our  camp  on  top  of  the  hill  to  the 
river.  Dr.  Smith's  observations  at  other  points  indicate  at 
least  70  feet  more  to  go  on  top  of  this,  giving  at  least  840  feet 
of  thickness. 

All  the  fossils  found  in  the  Buhr-stone  were  Claibornianin 
specific  character  ;  I  mention  Venericardia  parva  Lea,  7!  obruta 
Con.,  V,  rotunda  Lea  and  Oorbula  Afurchisoni  Jjosl. 

Continuing  our  section  downward  we  find  at  White  Bluff  on 
east  bank  of  the  Tombigbee  River,  the  following,  viz :  at  top. 


(2^  Clays 30  feet 

(3)  Clay  with  lignite  stems  distributed  throughout  .-  3'  O' 

h)  Clay.... 5'0' 

(5)  Lignite  in  fine  streaks   0'6' 

(6)  Barren  clays. 100'  O' 

Coming  up  the  river  toward  Wood's  bluff,  we  find,  rising 
from  under  this  exposure  : 

(7)  Clays,  some  layers  very  sandy.      Found  one  speed- 
men  of  Athleta  Ihiofneyi  Con.  here 50' O' 

(8)  A   thin   streak   of  fossiliferous   sand   containing 
Wood's  bluff  fossils 0' 2' 

(9^  Clays,  barren 12' O' 

(10)  2-4  feet  Green  sand,  brown  outside,  dark  green 
when  freshly  cut,  fossiliferous,  Lcsvihuccinum  lineatum 
Heilpr.,  seems  confined  to  this  bed 4'0' 

(11)  Clay,  dark  grayish-blue,  containing  Athleta  Tu(h 
nteyi  Con.,  abundant 8'0 

(12)  Indurated  greensand 2'-3' 0 

il3)  Greensand  marl  (fine  fossils  here) 3' 
14)  Indurated    Greensand    marl  crowded  with  shells, 

large  proportion  Turritellas 6' 8* 

(15)  Indurated  Greensand  marl  ledge  making  a  shoal  in 
the  river,  showing 5*0 

Nos.  12,  13,  14  and  16  really  form  one  marl  bed,  the  distinc- 
tions are  mainly  in  hardness  and  in  being  more  or  less  fosBil- 
iferous.  This  group  (Wood's  bluffj  is  very  extensive,  and  can 
be  traced  easily  to  the  western  boraer  of  the  State.  We  found 
it  at  Butler,  Choctaw  Co.  Professor  Heilprin  has  described 
most  of  the  species  found  here.* 

It  is  unnecessary  to  continue  this  series  farther  to  prove  the 
object  in  view:  but  nearly  every  bed  down  to  the  Cretaceoas 
has  been  examined  without  revealing  the  Jackson  or  Vicks- 
burg  groups. 

Dr.  E.  A.  Smith  and  Dr.  Lawrence  Johnson  have  made  sec- 

•  P.  A..  N.  S.,  1880,  p.  364. 
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ions  of  the  whole  Tertiary.  Their  report  is  now  in  course  of 
ablication  by  the  National  Survey. 

Having  personally  collected,  in  company  with  Dr.  Smith  this 
ummer,  in  nearly  every  bed  known  below  this  (Wood's  bluff) 
lorizon,  I  can  testify  that  no  evidence  of  much  value  can  be 
btained  from  the  fossils.  The  Yicksburg  and  Jackson  have 
lot  been  found  down  710  feet  below  Claiborne  as  the  above 
ections  will  testify;  if  they  are  below  this,  then  Dr.  Meyer  has 
;ot  to  sandwich  in  between  Claiborne  and  Jackson  the  whole 
(f  the  Buhr-stone  formation.  This  formation  is  found  only  in 
he  N.E.  of  Mississippi,  a  long  distance  from  the  position  of  the 
wo  groups  mentionea. 

Dr.  Meyer  is  equally  unfortunate  in  his  quotations  from  au- 
thorities.    I  review  as  follows : 

1833.  Conrad,  Spondylus  dumosus  Mort.  is  here  spoken  of  as 
a  stumbling  block  in  Conrad*s  way  and  especially  to  Lyell. 
We  have  lately  found  it  at  Hatchitigbee  bluff,  26  feet  beneath 
the  buhr-stone. 

1834.  Observations,  etc.,  Conrad.  In  this  section  Conrad 
distinctly  states  that  he  saw  only  the  *'  White  Limestone  '*  and 
the  '*  Bluish  Limestone,"  Nos.  7  and  8  of  his  section  near  Clai- 
borne, and  probably  made  his  erroneous  determination  from  the 
fact,  as  stated  by  Lyell,  that  the  Claiborne  beds  are  worn  away 
largely  in  places  and  have  been  replaced  by  the  "  White  Lime- 
stooe.''  If  Conrad  had  made  a  trip  to  Perdue  Hill  at  the  time 
of  his  visit  the  error  would  not  have  been  made. 

March,  1846.  LyelFs  general  statements  are  correct  and 
proved  by  all  sub^-equent  observers  to  have  been  very  care- 
lolly  made. 

1850.  M.  Tuomey,  Ist  Biennial  Sept.  of  the  Geol.  of  Ala. 
Dr.  Meyer  quotes  Tuomey  as  follows,  p.  149 :  "  Sir  Chas.  Lyell 
has  proved  that  the  White  Limestone  is  newer  than  the  fossil- 
iferoQS  bed  at  Claiborne  by  showing  that  this  bed  which  con- 
tains identical  fossils  underlies  the  bluff  at  St.  Stephens.  This 
is  certainly  the  case,  for  although  this  bed  is  not  seen  at  the 
base  of  the  bluff  it  is  overlaid,  as  I  have  just  stated,  by  a  yel- 
low limestone  which  is  a  prolongation  of  that  at  St.  Stephens." 

By  a  juxtaposition  of  sentences  Dr.  Meyer  evidently  proves 
satisfactorily  to  himself  ^'  that  LycU's  Claibornian  bed  at  the  base 
of  St  Stephens  bluff  according  to  his  (LyeH's)  determination 
need  not  be  Claibornian,  but  that  it  is  also  not  at  the  base  of 
St.  Stephens  bluff."  Having  personally  examined  this  expo- 
sure within  the  past  m6nth  in  company  with  Professor  Smith, 
State  Geologist  of  Alabama,  I  consider  that  LyelFs  statement 
is  correct.  The  same  bluff  that  is  at  St  Stephens  is  over  the 
Claiborne  sand  bed  at  the  point  Tuomey  speaks  of.  A  rough. 
section  taken  at  this  place,  which  was  hurriedly  doTv^  o>nV[v%\o  ^ 
^earjr  shower  at  the  time  of  our  visit,  is  aa  io\\oNV%\ 
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Section  half  a  mile  north  of  Si.  Stephens. 

No.  6.  White  limestone,  highly  charged  with  Orbitoides 

Mantelli 40  feet. 

No.  5.  Hard  ledge  limestone  containing  spines  of  a  species 

of  Cidaris 2  feet. 

No.  4.  White  limestone  containing  P.  perplanus  Mort., 

etc.,  no  Orbitoides  found, 60  feet. 

No.  3.  Scutella  bed.    Yellow  sand  indurated  in  places,..     2  feet. 
Also  containing  Osteodes  —  sp.  ? 

No.  2.  Claiborne  sand,  15  feet  thick  in  places  measured, 

containing  the  well  known  Claiborne  fossils 15  feet 

The  sand  is  a  trifle  redder  than  at  Claiborne,  but  a  sin- 
gle glance  is  enough  to  show  they  are  the  same.  I  noted 
the  following  species  among  many  others  :  RosteUaria 
velata  Con.,  Pecten  Deshayesii  Lea,  Crassatella  protexta 
Con.,  Venericardia  rotunda  Lea,  V.  transversa  Lea, 
Thirbinolia  Maclurii  Lea,  DentcUium  thalloides  Con., 
Astarte  sulcata  Lea,  Corbula  Murchisonii  Lea,  Cytherea 
perovata  Con.,  Cyth.  cequorea  Con.,  £iisus  protextus 
Con.,  Melongena  alveata  Con.,  CrassateUa  aUa  Con. 

No.  1.  A  blue  sandy  clay  containing  a  few  Claiborne 

fossils  and  a  species  of  Osteodes 10  feet 

Tombigbee  River  level. 

This  should  be  convincing. 

Dr.  Meyer  in  his  opening  quotation  from  Tuomey  which  u 
given  previously  should  have  added  the  succeeding  paragraphs. 
I  quote  \*  **  Another  locality  occurs  a  few  miles  from  Clarksville 
on  the  land  of  Mr.  Chambers,  on  one  of  the  branches  of  Satilpa 
Creek,  where  this  fossiliferous  (Claiborne)  bed  is  laid  bare  by 
the  denudation  of  the  upper  beds  and  appears  in  the  bottom 
of  a  ravine,  in  the  very  midst  of  the  White  Limestone,  at  a 
locality  too  where  the  latter  rock  is  rich  in  the  remains  of  Zeu- 
glodon.*'  Dr.  M.  leaves  out  of  his  authorities  the  Rev.  C.  S. 
Hale.f  The  reader  is  referred  to  p.  360  where  he  gives  two 
localities  near  Claiborne  (below)  showing  a  section  from  the 
Scutella  bed  (C.  of  my  Claiborne  profile)  up  to  the  Orbitoides 
limestone. 

Winehell,:|:  on  page  84-85,  gives  two  localities  where  the 
Claiborne  sand  has  the  White  Limestone  above  it,  namely, 
Stone  Creek  and  in  Clark  County,  Ala. 

The  northern  dip  mentioned  by  Hilgard  has  its  counterpart 
in  Alabama  in  several  places  ;  in  fact  there  is  a  large  basin  in 
the  Tertiary  of  Alabama,  first  spoken  of  by  Tuomey,§  proba- 
bly  with  a  smaller  sub-basin   north  of  it.     Professor  E.  A. 

•  l8t  Bienn.  Repl..  1850,  p.  148.  f  This  Journal,  1848,  p.  354-3C3. 

J  P.  A.  A.  S„  1856,  pp   82-93. 

g  ist  Rept,  1850,  p.  150,  Mid  VIL^\\^g>I^^iL^s^Jo\sxxMA^t«w  series,  1867,  vol.  liii, 
p.  37. 
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has  confirmed  tbia,  and  is  now  engaged  in  compleling 
servations. 

locality  north  of  Earrytown,  Ala.,  at  and  in  the  vicinity 
lill  spoken  of  bv  Tuomev,*  furuishes  another  section  from 
isbon  beds  up  Xo  the  While  Limestone,  ft  small  patch  of 

is  left  on  top  of  Woinuc  liill.  The  lied  at  the  mill  con- 
0.  selUe/brmix  Con.,  very  large  and  fine;  Teredo  —  n.  8.; 
Hum  Eocenae  Meyer ;  Peclen  Deshayeaii  Lea,  and  oorre- 
3  with  the  bed  (i)  of  Dr.  Meyer's  section.  Winchell'i 
lent  that  this  bed  is  not  fouud  elsewhere  is  disproved. 
!  species  described  by  Conradf  which  were  received  from 
lillman  in  which  he  gives  the  locality  "  Enterprise,  Misa," 
.   writes  me  (Aug.  14.   18S4)  were  not  found  there;  he 

"I  have  no  recollection   of  sending;  T.  A.  Conrad  any 

from  near  Enterprise.  I  sent  him  some  from  Garland's 
,  three  miles  east  of  Shubuta,  Miss,,  in  the  southern  part 
irk  County."  This  removes  one  question,  as  these  shells 
idoubtedly  Jacksonian  and  Dr.  Meyer  is  no  doubt  correct 
:ing  the  beds  at  Enterprise  Glaibornian. 
:  more  point  remains  to  be  quoted,  and  this  is,  that  the 
lline  limestone  of  the  Yicksburg  group  has  never  been 

in  Alabama  below  the  Claiborne  sand,  while  crystalline  • 
one  over  150  feet  thick  shows  above  it. 
'iewing  Dr.  Meyer's  summary  of  reasons: 

He  speaks  of  the  lower  limestone,  which  is  not  a  lime- 
also  sections  already  given  show  beyond  question  that 
was  correct  in  his  general  atatemente. 

This  is  no  argument  whatever;  diflereiices  in  level  of  100 
■eiween  pointfl  nearly  100  miles  apart  have  no  strati* 
ical  value.  If  the  general  dip  is  southerly  in  Alabama 
mthwest  to  west  in  Mifsissippi,  all  the  beds  are  sure  to 
ip  at  the  surface  somewhere. 

The  Jackson  group  in  MissiEsippi  presents  a  mixture  of 
burg  and  Claiborne  forms,  and  this  very  fact  is  a  strong 
lent  in  favor  of  its  true  position,  being  between  the  two 
9.  Milra  pactUis  Con.  is  common  at  Jackson  as  M. 
a  Con.,  vet  ii  also  ia  found  at  Lisbon,  Still  lower  than 
irne  snnd  by  100  feet.  The  relationship  is  therefore  to 
gely  widened. 

.   V.  parva  Lea  has  a  still  larger  range,  probably  throagh 
feet  of  strata. 
Venericardia  d'versidentata  Mr.,  from  Jackson,  ia  nothing 

nor  leas  than  V.  rotunda  Lea,  Conrad  at  one  time  evi- 
■  considered  it  new,  as  ho  gives  a  name  in  Wailes  (Geol. 
as.)  "  Cardita  letrica,"  but  afterward  abandons  iL     This 


808    Cowles  and  Maibery — On  the  JEUetrioal  FumaoBy  and 

species  ranges  through  nearly  the  whole  Tertiary,  the  Vicksbiiij 
group  included.     I  have  it  from  Vicksburg. 

Fulgur  Alisstssippiensia  Con.  bluA  TeUina  Vichiurgensis  Con.  m 
found  in  both  groups,  also  in  the  intermediate  Bed  Bluff  strata. 
Why  they  could  not  ascend  from  the  Jackson  to  Vicksburg 
passes  my  understanding.  Fulgur  filiua  Mr.  seems  from  the 
description  to  be  F,  Mississippiensia  itself;  the  differences 
pointed  out  are  trifling,  and  there  are  intermediate  forms. 

6th.  Pleurotoma  terebralis  Lam.  =  P,  cristata  Con.  I  have 
from  the  Greggs  Landing  marl  which  is  several  hundred  feet 
below  the  Wood's  bluff  group  and  not  far  from  the  Cretaceous, 
therefore  its  origin  is  below  all  the  groups  in  question.  The 
Acteon  spoken  of  has  a  greater  range  than  given. 

in  reference  to  Nalica  Mississipptensts  Con. :  As  the  Wood's 
bluff  is  over  700  feet  below  the  Claiborne  its  origin  is  simply 
shown  to  be  below  the  three  groups  under  discussion. 

7th.  Here  Dr.  Meyer  is  guilty  of  assuming  a  parallelism 
which  he  has  not  seen  and  of  which  he  gives  no  ;>roo/*  whatever. 

In  conclusion,  let  me  state  that  the  Tertiary  is  a  great  deal 
thicker  than  has  been  before  supposed,  and  ai^uments  based 
upon  the  upper  quarter  of  its  thickness  are  very  likely  to  be 
upset  by  the  paleontology  of  the  three-fourths  as  yet  unknown. 
An  enormous  territory  remains  here  for  the  paleontologist,  both 
in  Mississippi  and  Alabama,  entirely  outside  of  the  three  groups, 
Vicksburg,  Jackson  and  Claiborne,  full  of  beautiful  new  species 
and  gigantic  forms  of  little  Claiborne  shells,  that  would  cause 
one  to  exclaim,  what  could  have  led  to  such  degeneration ! 

There  is  no  doubt  that  there  is  a  relationship  existing  be- 
tween fossil  species  the  same  as  in  living  forms,  but,  until  the 
great  unknown  territory  is  more  fully  explored,  comparisons 
are  not  apt  to  be  of  much  value.  Dr.  Meyer  has  shown  great 
industry  in  his  papers,  and  apart  from  his  unfortunate  mistake 
in  stratigraphy,  they  are  well  worth  especial  study. 


Art.  XLL  —  On  Hie  Electrical  Furnace  and  the  reduction  of 
the  Oxides  of  Boron,  Silicon^  Aluminum  and  other  meiaU  by 
Carbon ;  bv  EuGENE  H.  CoWLES,  ALFRED  H.  CoWLBS  and 
Charles  F.  Mabery."*^ 

The  application  of  electricity  to  metallurgical  processes  has 
hitherto  been  confined  chiefly  to  the  reduction  of  metals  from  so- 
lution, and  few  attempts  have  been  made  to  effect  dry  reductions 
by  means  of  an  electric  current  Sir  W.  Siemens  endeavored  to 
utilize  the  intense  heat  of  an  electric  arc  for  this  purpose,  bat 
accomplished  little  bey ox\dl\x^\w^^«^^x^V'^ovmda  of  steel.  A 

♦  Read  at  the  Ann  Atbox  m^Xxn^  ol  \Jaft  kmettfasa.  Ksm^k^s^^tu 
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short  time  since  Eugene  H.  Cowles  and  Alfred  H.  Cowles,  of 
Cleveland,  conceived  the  idea  of  obtaining  a  contionous  high 
temperature  on  an  eztendnd  scale  by  introducing  into  the  path 
of  an  electric  current  some  material  that  would  afford  the 
leqaisite  resistance,  thereby  producing  a  corresponding  increase 
ID  the  temperature.  After  numerous  experiments  that  need 
not  be  described  in  detail,  coarsely  pulverized  carbon  was  se- 
lected as  the  best  means  for  maintaining  a  variable  resistance, 
ani].  at  the  snnie  time,  iUi  the  most  available  substance  for  the 
reduction  of  oxides.  Wben  this  material,  mixed  with  the  oxide 
to  be  reduced,  was  made  a  part  of  the  electric  circuit  in  a  fire- 
clay retort  and  submitted  to  the  action  of  a  current  from  a  pow- 
erful dynamo  machine,  not  only  was  the  reduction  accomplished, 
bnt  the  temperature  increased  to  such  an  extent  that  the  whole 
interior  of  the  retort,  fused  completely.  In  other  experiments, 
lamps  of  lime,  sand  and  corundum  were  fused,  witb  indica- 
tions of  a  reduction  of  the  corresponding  metal ;  on  cooling, 
the  lime  formed  large  well  defined  crystals,  the  corundum 
beautiful  red,  green  and  blue  hexagonal  crysials. 

Following  up  these  results  with  the  assistance  of  Charles  F. 
Mttbery,  Professor  of  Chemistry  in  the  Case  School  of  Applied 
Science,  who  became  interested  at  this  stage  of  the  experiment, 
it  was  soon  found  that  tlje  intense  heat  thus  produced  could  be 
utilized  for  the  reduction  of  oxides  in  large  quantities,  and  ex- 
perimenla  were -next  tritd  on  a  large  scale  with  a  current  from 
tdo  dynamos  driven  by  an  equivalent  of  fifty  horse-power. 
For  the  protection  of  the  walls  of  the  furnace,  which  were 
mode  of  fire-bricic,  a  mixture  of  the  ore  and  coarsely  pulver- 
ized gas  carbon  was  made  a  central  core,  and  it  was  surrounded 
OD  the  sides  and  bottom  by  fine  charcoal,  the  current  follow- 
ing the  leaser  resistance  of  the  central  core  from  carbon  elec- 
trodes which  were  inserted  at  the  ends  of  the  furnace  in  contact 
with  the  core.  In  ord.  r  to  protect  the  machines  from  the  vari- 
able resistance  within  the  furnace,  a  resistance  box  consisting 
of  a  coil  of  Gertnan  silver  wire  placed  in  a  large  tank  of  water 
•His  introduced  into  the  main  circuit,  and  a  Brush  ammeter 
was  also  attached  by  means  of  a  shunt  circuit  to  indicate  the 
quantity  of  current  that  was  absorbed  in  the  furnace.  The 
latter  was  charged  by  first  filling  it  with  charcoal,  making  a 
Iroagh  in  the  center  aiid  then  filling  this  central  space  witb 
the  ore  mixture,  which  was  covered  with  a  layer  of  coarse  char- 
coal The  furnace  was  closed  at  the  top  with  fire-brick  slabs 
uomaining  two  or  three  boles  for  the  escape  of  the  gaseous  pro- 
ducts of  the  reduction,  and  the  entire  furnace  made  air-tight  by 
Inting  witb  fire-clay.  Within  a  few  minutes  after  starting  the 
dynamo,  a  stream  of  carbonic  oxide  issued  through  the  open- 
iaga,  baraing  asuallf  with  a  flame  eighteen  inoXiea  \tv  \ie\^^. 
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The  time  required  for  complete  reduction  was  ordinarily  about 
an  hour. 

The  furnace  at  present  in  use  is  charged  in  substantially  the 
same  manner,  and  the  current  is  supplied  by  a  Brush  machine 
of  variable  electromotive  force  driven  by  an  equivalent  of 
forty  horse-power.  A  Brush  machine  capable  of  utilizing  125 
horse-power,  or  two  and  one-half  times  as  large  as  any  hitherto 
constructed  by  the  Brush  Electric  Company,  is  being  made  for 
the  Cowles  Electric  Smelting  and  Aluminum  Company,  and 
this  machine  will  soon  be  in  operation.  Experiments  already 
made  show  that  aluminum,  silicon,  boron,  manganese,  magne- 
sium, sodium  and  potassium  can  be  reduced  from  their  oxides 
with  ease.  In  fact  there  is  no  oxide  that  can  withstand  tem- 
peratures attainable  in  this  electrical  furnace.  Charcoal  in  con- 
siderable quantities  is  changed  to  graphite ;  whether  this  indi- 
cates Fusion  or  solution  of  carbon  in  tne  reduced  metal  has  not 
been  fully  determined.  As  to  what  can  be  accomplished  by 
converting  enormous  electrical  energy  into  heat  within  a  limited 
space,  it  can  only  be  said  that  it  opens  the  way  into  an  exten- 
sive field  for  pure  and  applied  chemistry.  It  is  not  difficult  to 
conceive  of  temperatures  limited  only  by  the  capability  of  car- 
bon to  resist  fusion.  The  results  to  be  obtained  with  the  large 
Brush  machine  above  mentioned  will  be  of  some  importance 
in  this  direction. 

Since  the  cost  of  the  motive  power  is  the  ihief  expense  in 
accomplishing  reductions  by  this  method,  its  commercial  suc- 
cess is  closely  connected  with  the  cheapest  form  pf  power  to 
be  obtained.  Realizing  the  importance  of  this  point  the  Cowles 
Electric  Smelting  and  Aluminum  Company  has  purchased  an 
extensive  and  reliable  water-power,  and  works  are  soon  to  be 
erected  for  the  utilization  of  1200  horse-power.  An  important 
feature  in  the  use  of  these  furnaces,  from  a  commercial  stand- 
point, is  the  slight  technical  skill  required  in  their  manipula- 
tion. The  four  furnaces  in  operation  in  the  experimental  lab- 
oratory at  Cleveland  are  in  charge  of  two  young  men  20  years 
of  age  who,  six  months  ago,  knew  absolutely  nothing  of  elec- 
tricity. The  products  at  present  manufactured  are  the  various 
grades  of  aluminum  bronze  made  from  a  rich  furnace  product 
that  is  obtained  by  adding  copper  to  the  charge  of  ore,  silicon 
bronze  prepared  in  the  same  manner,  and  aluminum  silver,  and 
alloys  of  aluminum  with  several  other  metals.  A  boron  bronze 
may  be  prepared  by  the  reduction  of  boracic  acid  in  contact 
with  copper. 

As  commercial  results,  may  be  mentioned  a  daily  production 
in  the  experimental  laboratory  averaging  fifty  pounds  of  10 
iper  cent  aluminum  bronze ;  and  it  can  be  supplied  to  the 
trade  in  large  quantities  at  pT\eea\i^jaftfii  \x^otl%^  ^^t  y^xx^^K^ 
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e  alaminum  contained,  the  lowest  market  quotation  of  this 
etal  being  at  present  $15  per  pound.  Silicon  bronze  can  be 
mished  at  prices  far  below  those  of  the  French  manufacturers. 
The  alloys,  which  the  metals  obtained  by  the  methods  above 
iscribed  form  with  copper,  have  been  submitted  to  careful 
ndy.  An  alloy  containing  10  per  cent  of  aluminum  and  90  per 
nt  of  copper  forms  the  so-called  aluminum  bronze,  with  a  fine 
^Iden  color,  that  is  retained  in  the  atmosphere  for  a  long  time. 
be  tensile  strength  of  this  alloy  is  usually  given  as  100,000 
>Qnd8  to  the  square  inch ;  but  castings  of  our  10  per  cent  bronze 
ive  stood  a  strain  of  109,000  pounda  It  is  a  very  hard,  tough 
loy,  with  a  capacity  to  withstand  wear  far  in  excess  of  any 
ther  metal  in  use.  All  grades  of  aluminum  bronze  make  fine 
istings,  taking  very  exact  impressions,  and  there  is  no  loss  in 
3melting  as  in  the  case  of  alloys  containing  zinc.  The  5  per 
ent  aluminum  alloy  is  a  close  approximation  in  color  to  18 
arat  gold  and  does  not  tarnish  readily.  Its  tensile  strength  in 
he  form  of  castings  is  equivalent  to  a  strain  of  68,000  pounds 
othe  square  inch.  An  alloy  containing  2  or  3  per  cent  alumi- 
mm  IS  stronger  than  brass,  possesses  greater  permanency  of 
K)Ior  and  would  make  an  excellent  substitute  for  that  metal. 
W^hen  the  percentage  of  aluminum  reaches  13  an  exceedingly 
bard,  brittle  alloy  of  a  reddish  color  is  obtained ;  and  higner 
percentages  increase  the  brittleness  and  the  color  becomes 
grayish-black.     Above  25  per  cent  the  strength  again  increases. 

The  effect  of  silicon  in  small  proportions  upon  copper  is  to 
greatly  increase  its  tensile  strength.  When  more  than  5  per 
ceai  is  present  the  product  is  exceedingly  brittle  and  grayish- 
black  in  color.  It  is  probable  that  silicon  acts  to  a  certain  ex- 
tent as  a  fluxing  material  upon  the  oxides  present  in  the  copper, 
thereby  making  the  metal  more  homogeneous.  On  account  of 
its  superior  strength  and  high  conductivity  for  electrical  cur- 
rents, silicon  bronze  is  the  best  material  known  for  telegraph 
and  telephone  wire. 

The  element  boron  seems  to  have  almost  as  marked  an  effect 
upon  copper  as  carbon  does  upon  iron.  A  small  percentage  in 
copper  increases  its  strength  to  50,000  or  60,000  pounds  per 
qaare  inch  without  diminishing  to  any  extent  its  electrical 
conductivity. 

Aluminum  increases  very  considerably  the  strength  of  all 
metals  with  which  it  is  alloyed.  An  alloy  of  copper  and 
nickel  with  a  small  percentage  of  aluminum,  called  Hercu- 
les metal,  withstood  a  strain  of  105,000  pounds  and  broke 
without  elongation.  Another  grade  of  this  metal  broke  under 
a  strain  of  111,000  pounds  with  an  elongation  equivalent  to 
33  per  cent.  It  must  be  remembered  that  these  tests  were  all 
maae  upon  cast'wsa  of  the  alloys.  The  alrengl\i  o^  ^oiximoxv 
"fraas  la  doubled  by  the  addition  of  2  or  3  per  ce\i\.  oi  ^Iximv 
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num.  Alloys  of  aluminum  and  iron  are  obtained  withoat 
difficulty ;  one  product  was  analyzed  containing  40  per  cent  of 
aluminum.  In  the  furnace,  iron  does  not  seem  to  be  absorbed 
readily  by  the  reduced  aluminum  when  copper  is  present;  bat 
in  one  experiment  a  mixture  composed  of  old  files  60  per  cent, 
nickel  5  per  cent,  and  of  10  per  cent  aluminum  bronze,  35 
per  cent  was  melted  together  and  it  gave  a  malleable  product 
that  stood  a  strain  of  69,000  pounds. 

When  the  reduction  of  aluminum  is  conducted  in  the  ab- 
sence of  other  metals  it  forms  a  compound  with  carbon  analo- 
gous to  pig  iron  as  it  comes  from  the  blast  furnace ;  and  prod- 
ucts are  frequently  analyzed  that  contain  sixty  or  seventy  per 
cent  of  aluminum.  If  the  ore  contains  silicon  the  latter  is 
absorbed  by  the  aluminum  and  compounds  of  the  two  ele- 
ments containing  ten  or  fifteen  per  cent  of  silicon  are  often 
taken  from  the  furnace  in  considerable  quantities.  These  im- 
portant products  are  at  present  under  examination. 


Art.  XLII. — The  Orand  Rapids  Meteorite;  by  R.  B.  RiGoa 

In  a  recent  number  of  this  Journal  (October,  1884),  L  R 
Eastman  describes  a  meteorite  found  in  Grand  Rapids,  Michi- 
gan. A  preliminary  analysis  was  made  at  the  time,  bat  of  a 
very  inadequate  amount  of  the  oxidized  material,  taken  from 
the  surface.  Since  then  the  meteorite  has  come  into  the  keep- 
ing of  the  National  Museum,  and  a  more  complete  analysis 
gives  the  following  results: — 

Fe 88-71 

Ni  10-69 

Cu -07 

Mg -02 

P -26 

S -03 

C  (combined) -06 

Graphite -07 

99-91 

It  is  a  mass  of  great  apparent  homogeneity,  weighing  orig- 
inally about  50  kilograms.  One  of  the  sections,  however,  on  be- 
ing polished,  discloses  a  nodule  about  a  centimeter  in  diameter, 
like  troilite  in  appearance,  which  remains  to  be  investigated. 

A  polished  surface  of  the  meteorite  etched  with  nitric  acid 
developed  very  handsome  Widmannst&ttian  figures  somewhat 
like  those  on  the  iron  from  Robertson  County,  Tennessea 
Chemical  Laboratory  U.  S.  Or.  ^.,  'W«»\sm%voTi,  k\j%.1V\%^. 
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I.    Chemistry  and  Physics. 

1.  Sensitiveness  of  Selenium  and  Sidphur  to  Light,  —  The 
smarkable  property  possessed  by  selenium  of  having  its  electri- 
ftl  resistance  varied  by  the  action  of  light  has  been  the  subject 
f  many  investigations,  since  its  first  announcement  in  1873.  The 
ause  of  this  phenomenon  is  discussed  by  Suelfobd  Bidwell  in 
recent  number  of  the  Philosphical  Magazine  (August,  1885,  pp. 
78-191).  Remarking  upon  the  ingenious  method  of  forming 
elenium  cells  described  by  C.  E.  Fritts,  who  melted  the  selenium 
«  a  thin  film  on  a  plate  of  metal  with  which  it  forms  a  sort  of 
chemical  combination,  he  suggests  the  similaritv  of  some  of  the 
phenomena  described  by  Fritts  to  those  of  electrolysis.  The 
Arrangement  of  the  two  metallic  plates  with  the  third  substance 
between  them,  that  is,  of  the  selenium  between  the  metal  plate 
apon  which  it  is  melted  and  the  gold  leaf  film  by  which  it  is 
covered,  is  suggestive  of  this ;  while  the  unequal  resistance  of  the 
two  surfaces  and  the  generation  of  an  independent  electromotive 
force,  in  conjunction  with  the  polarization  effects  observed,  make 
the  conduction  of  selenium  seem  truly  electrolytic.  The  objec- 
tidn  that  the  selenium  itself  is  not  a  electrolyte  is  met  by  the 
suggestion  that  in  the  process  of  making  the  cell  a  metallic  selenide 
may  have  been  formed,  and  the  apparently  improved  conductivity 
of  the  selenium,  and  the  accompanying  phenomena,  may  be  ac- 
coanted  for  by  the  existence  of  this  selenide,  rather  than  by  any 
change  in  the  crystalline  condition  of  the  selenium. 

As  bearing  upon  this  question  the  author  made  a  series  of 
experiments  witn  sulphur.  Five  parts  of  sublimed  sulphur  and 
one  of  precipitated  silver  were  heated  together,  and  a  cell  con- 
strncted  by  spreading  some  of  the  melted  sulphur,  containing 
particles  of  silver  sulphide,  evenly  over  a  surface  of  mica,  and 
then  laying  a  piece  of  thin  silver-foil  on  its  surface.  The  cell 
was  found  to  vary  in  resistance  to  a  marked  degree  when  exposed 
to  the  light  of  a  burning  magnesium  wire.  Other  experiments 
went  to  show  the  same  result  and  to  prove  that  the  effect  of  the 
light  was  due  to  the  action  of  radiation  proper  and  not  to  any 
incidental  rise  in  temperature.  Other  cells,  constructed  in  a 
somewhat  different  manner,  behaved  in  the  same  manner  though 
in  different  degrees;  with  all  the  resistance  diminished  to  a 
marked  extent  under  the  action  of  radiation.  One  of  them^  the 
resistance  of  which  was  small,  was  connected  with  ten  Leclanch6 
sells  and  a  telephone,  and  exposed  to  a  rapidly  interrupted  beam 
>f  light;  it  gave  a  musical  note  nearly  as  loud  as  would  be 
>btained  from  a  good  selenium  cell.  All  of  the  sulphur  cells 
"esembled  selenium  in  giving  polarization-currents  after  being 
letached  from  the  battery.  The  author  urges  that  the  effects  of 
^iation,  in  the  case  of  the  sulphur-silver  cell,  are  to  be  looked 
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for  principally  at  the  surface  of  the  electrodes,  though  not 
necessarily  confined  entirely  to  it.  It  is  shown  that  light  faTore 
the  union  of  sulphur  and  silver  to  form  silver  sulphide,  and  it  ii 
suggested  that  the  same  influence  which  would  assist  the  union 
of  two  substances  when  they  have  a  tendency  to  unite  might  act 
conversely  when  they  have  a  tendency  to  separate.  Radiatioo, 
therefore,  acting  upon  a  thin  layer  of  silver  sulphide  might  ezeit 
a  matei-ial  influence  upon  the  conductivity  of  the  sulphide  by 
facilitating  the  molecular  rearrangement  of  the  atoms  of  sulpbor 
and  silver.  The  bearing  of  all  this  upon  the  explanation  of  the 
action  of  light  on  selenium  is  obvious,  though  experimental  proof 
is  needed  to  establish  it. 

2.  Molecular  JShadotos  in  Incandescent  Lamps.  —  The  form*> 
tion  of  metallic  deposits  in  incandescent  lamps  with  a  carbon 
filament  is  described  by  J.  A.  Flbming,  the  metal  coming  from 
the  wire  to  which  the  carbon  is  attached.  A  sage-green  deposit 
of  copper  is  observed  in  an  Edison  lamp  not  inf  requentlj ;  and  ui 
one  case  a  silvery  transparent  metallic  film  of  platinum  wii 
deposited  on  the  inside  of  the  glass  bulb.  These  deposits  recall  the 
experiments  of  Wright  (this  .Toumal,  xiii,  49 ;  xiv,  169, 1877),  who 
formed  brilliant  specula  by  deposition  from  a  metallic  electrode  io 
exhausted  tubes.  An  interesting  point  in  the  lamp  deposits  was  the 
existence,  under  some  circumstances,  of  a  line  of  no  aeposit  on  the 
surface  in  the  plane  of  the  filament.  This  is  to  be  regarded  ai 
the  shadow  of  the  loop  in  which  the  trajectory  of  the  molecules 
is  interfered  with  by  tne  carbon  filament.  The  deposit  near  the 
neck  of  the  bulb  is  thicker  than  at  the  crown  because  of  the 
greater  number  of  molecules  which  here  strike  the  glass.  In  the 
case  of  the  carbon  deposit,  often  observed,  it  was  found  that  the 
molecular  shadow  of  tne  filament,  or  the  line  of  no  deposit,  could  be 
formed  by  suddenly  raising  the  filament  to  a  very  nigh  temperir 
ture,  as  for  instance  by  placing  a  60-volt  lamp  for  an  instant  on  i 
100-volt  circuit;  but  when  the  deposit  went  on  slowly  no  Une 
was  observed,  only  a  general  smokmess.  In  the  former  case  the 
projection  of  the  molecules  from  the  carbon  is  violent  enough  to 
prevent  their  paths  from  being  altered  by  collision  with  molecnlet 
of  the  residual  air,  so  that  a  larger  proportion  reach  the  envelope 
in  the  direction  of  projection,  thus  causing  a  deposit  on  all  parts 
except  as  shielded  by  the  loop.  The  best  shadows  were  obtained 
from  a  lamp  with  a  single  loop. — Phil.  Mag.y  August,  1886,  [^ 
141-144. 

3.  Disintegration  of  the  carbon  filament  in  an  incandesewt 
Electric  lamp. — Some  experiments  carried  on  by  Buchaitak, 
having  as  their  object  the  deciding  of  the  question  as  to  whether 
the  observed  breaking  of  the  carbon  filament  at  the  negative  end 
was  due  to  a  local  excess  of  temperature  or  a  "Pelti6r  effect,"  led 
to  a  negative  result ;  the  local  heating  detected  being  too  soiall 
to  account  for  a  break  at  one  end  rather  than  the  other.  Tbe 
author  concludes  that  the  disintegration  of  the  carbon  filament 
preceding  complete  de^UucWoii^  ^^  d^%Q.Tvb^  by  Preece,  is  doub^ 
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B  the  result  of  molecular  changes  in  its  structure  produced  hy 
intaiQine  it  at  very  high  temperature ;  and  he  finds  manifes- 
ion  of  the  alteration  in  the  change  of  thermo-electric  power  of 
>  earfoon. — Phil.  Mag.^  Au^st,  1886,  pp.  117-126. 
L  On  changes  produced  by  Magnetization  in  the  Length  of 
ids  of  Iron  and  Steel. — ^An  abstract  of  an  article  on  this  subject 

Shkuh>rd  BmwBLL,  after  mentioning  the  results  reached  by 
lier  experimenters,  goes  on  to  remark  that  by  using  thinner 
D  rods  and  greater  magnetizing  forces  the  curious  fact  was 
ablished  that  if  the  magnetization  be  carried  beyond  a  certain 
tioal  point,  the  consequent  elongation,  instead  of  remaining 
.tionary  at  a  maximum,  becomes  diminished,  the  diminution 
treaaing  with  the  force.  If  the  force  is  sufficiently  increased,  a 
int  is  reached  where  the  original  length  of  the  rod  is  totally 
alfected  by  magnetization ;  and  if  the  magnetization  be  carried 
U  farther,  the  original  length  of  the  rod  is  reduced.  It  also 
peared  that  the  position  of  the  critical  point  in  steel  depended 

a  remarkable  manner  upon  the  hardness  or  temper  of  the 
iial.  The  author  embodies  his  results  for  iron,  steel  and  nickel 
a  series  of  formal  laws. — Proc.  Hoy.  8oc,y  No.  237,  p.  265. 


n.    Geology  and  Mineralogy. 

1.  Notee  on  some  of  the  Geological  Papers  presented  at  the 
^eeHng  of  the  American  Association  at  Ann  Arbor :  * 

41.)  A.  WiNCHELL.  On  the  Geology  of  Ann  Arbor.  The 
owinff  is  a  summary  of  the  geological  facts  within  easy  reach 
Ann  Arbor.  Drift  covers  the  nearest  outcrop  of  rock  20  miles 
ray;  depth  of  drift  at  the  University  200  feet,  at  the  Observa- 
ry,  230  feet;  on  hills  west  and  north  probably  375  feet.  Indi- 
Xiohb  of  terminal  moraine.  Kettle  hole  within  a  few  rods.  The 
rift  accumulations  rest  on  the  outcropping  belt  of  Marshall 
mdstone,  trending  northeast-southwest.  Sheets  of  impervious 
Aterials  included,  forming  water  basins,  and  this  source  of  supply 
the  basis  of  the  water- works  of  Ann  Arbor.  Tabular  limestone 
laases  imbedded  in  upper  part  of  drift  as  formerly  described  by 
le  writer  in  this  Journal,  II,  xl,  331-8;  ascribed  to  action  of  ice- 
oes  in  Scientific  Monthly,  Toledo,  Oct.,  1875,  this  Journal,  III, 
i,  225-8 ;  with  additional  facts  in  Proc.  Amer.  Assoc,  xxiv,  1875, 


St  27-43;  differently  explained  by  T.  C.  Chamberlin  in  Ann. 
rt).  F.  S.  Geol.  Surv.,  1881-2,  pp.  326-330. 

(2.)  S.  G.  Williams.  Traced  the  Lower  Helderberg  strata 
irto  western  New  York. 

(3.)  A.  H.  WoBTHEN.  On  the  Quaternary  deposits  of  Illinois, 
lie  author  exhibited  sundrv  sections  obtainea  by  borings  in 
iDtral  and  southern-central  Illinois.  They  showed  generally  that 
le  lower  portion  of  the  Quaternary  formation  is  strictly  stratified ; 
at  DO  bowlder  beds  exist,  but  that  bowlders  are  sparsely  scat- 
red  through  the  middle  portions;  that  a  dirt  bed  ^^w^t^VV^ 

*  Jbr  tbeee  notes  this  Journal  is  indebted  to  ProfesBor  Alexand^T  ^mc^'^W. 
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separates  the  lower  and  middle  portions;  that  finally,  the  explana- 
tions usually  applied  to  the  northern  drift  will  not  apply  in  these 
parts  of  Illinois. 

(4.)  A.  WiNCHELL.  On  sources  of  trend  and  Cmstal  Sur- 
plusage in  mountain  structure.  [The  first  part  embodied  viewa 
embraced  in  a  paper  sent  Professor  J.  D.  Dana  in  1881.]  The 
second  part  traced  the  consequences  of  slow  subsidence  of  the 
earth's  equatorial  protuberance  resulting  from  the  secular  retarda- 
tion of  its  axial  velocity  of  rotation  caused  by  the  action  of  the 
moon  on  the  lagging  tide.  J[The  section  voted  to  request  a  fuller 
abstract  of  this  communication,  the  paper  being  orally  presented.] 

(5.)  Wm.  B.  Tatlob.  On  a  probable  cause  of  the  shrinkage 
of  the  Earth's  Crust.  By  a  singular  coincidence  this  paper  con- 
sidered the  second  cause  mentioned  in  the  preceding  paper.  It 
was,  however,  only  to  explain  surplusage  of  circumference;  while 
the  other  employed  the  principle  for  both  surplusage  and  trend. 

(6.)  H.  S.  Williams.     On  tne  classification  of  the  Upper  Devo- 
nian.   Presented  numerous  studied  sections  of  strata  ranging  east- 
and-west  in  southern  New  York,  and  pointed  out  the  progressive 
changes  in  the  faunas.     He  thought  there  was  some  ground  for 
admitting  that  the  equivalent  of  the  Catskill  group  might  be 
sought  within  the  range  of  the  Waverly  series  of  the  West    To   j 
this  Professor  Hall  sharply  demurred,  and  claimed  that  if  the    ; 
Catskill  is  made  Carboniferous,  then  all,  to  the  bottom  of  the    ] 
CorniferouB,  must  be  so  made,  since  traces  of  a  Catskill  fauna  are 
found  in  eastern  New  York  below  the  Corniferous.     A.  Wiiichell 
recalled  the  doctrine  of  "  Colonies"  maintained  by  Barrande,  and 
instanced  the  case  of  an  Upper  Silurian  fauna  of  over  8,000  feet    j 
occurring  in  the  midst  of  the  I^wer  Silurian  in  Bohemia.  i 

(7.)  Edward  Orton.  Exhibited  the  records  of  a  deep  well  at 
Cleveland,  Ohio,  in  which  over  200  feet  of  rock-salt  were  passed, 
with  a  parting  of  15  feet  of  shale  and  81  of  limestone,  at  a  horizon 
apparently  below  the  Niagara  limestone.  But  the  final  interpre- 
tation of  the  section  was  left  for  future  study. 

(8.)  E.  W.  Clatpole.  On  the  Materials  of  the  Appalachiaos. 
Held  that  the  vast  volume  of  the  deposits  and  their  increasing 
coarseness  toward  the  southeastern  part  of  Pennsylvania  imply 
the  former  existence  of  a  lofty  pre-paleozoic  range  to  the  east  of 
the  present  Appalachians. 

(9.)  N.  H.  Winciiell.  On  lAngiUa  and  ParadoxideB  from  the 
Red  Quartzites  of  Minnesota.  Exhibited  a  large  slab  from  the 
<^  pipestone  quarries,"  which  was  covered  with  small  shells  named 
by  him  Lingula,  The  remains  of  the  shells  on  chemical  testiif 
showed  a  distinct  phosphatic  reaction.  From  the  same  qaarrica 
was  exhibited  a  form  regarded  as  an  imperfect  Paradaxidtt^l 
showing  the  central  axis  and  part  of  the  pleur»  of  the  right  sMci 
As  this  pipestone  bed  is  included  in  the  quartzite  of  Wi0coaii.> 
(at  Baraboo,  etc.)  described  by  the  WiaooDsiii  geologists  as  Hi 
nian,  the  discovery  is  importanL  ^ 

A.  WincheU  slated  tVitl^  iKKKKIllkiP'^  ^a^^mmi  to 
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oubtedly  brachiopods  of  the  pleuropygian  order,  but  with 
racters  intermediate  between  LingulidicB  and  Discinidce,  He 
inded  the  section  that  he  had  years  before  assigned  the 
aboo  quartzite  to  the  Lower  Silurian  on  lithological  grounds, 
igh  Professor  Irving  had  subsequently  attempted  to  invalidate 

reference.  E.  W.  Claypole  thought  the  objects  exhibited 
e  undoubtedly  organic  and  coincided  as  to  the  affinities  of  the 
Is. 

10.)  A.  Winch  ELL.  On  Ccenostroma  and  Idiostroma  and  the 
iprehensive  character  of  Stromatoporoids.  Enumerated  the 
ctural  characters  found  in  the  group,  and  traced  the  mor- 
logy  of  each  structure  separately,  showing  on  what  grounds 
eric  distinctions  had  been  based.  He  then  indicated  the 
tmblages  of  characters  which  distinguish  Ccenoatroma  and 
^stroma  from  other  genera,  and  gives  them  validity.  He 
lly  pointed  out  the  fact  that  the  Stromatoporoids  possess  a 
f  wide  range  of  affinities :  with  Spofiges,  in  external  aspect, 
lied  tissue,  water  canals  and  oscula,  though  none  of  these 
racters  are  present  in  all ;  with  Foramiyiifera^  in  their  laminsB 

interspaces ;  in  their  radial,  branching  canals,  seen  in  Eozo5n, 

in  the  concentric  layers,  interspaces  and  curdled  structures  of 
iminiferal  Parkeria ;  with  Aitthozoa,  in  their  laminae  (com- 
ed  with  Heliolitidce  and  some  JFhvositidce)^  their  radial  struc- 
es,  their  individuation  (incipient  in  Ccenostroma,  completed  in 
ostroma),  and  the  (by  some)  supposed  tabulsB  of  Cauiiopora  / 
h  Hydrozoa^  in  the  resemblances  of  Hydractinia  and  more 
kingly,  Lcihechia^  which  may  be  regarded  really  a  Stromato- 
oid;  with  Polyzoa,  in  the  tubes  and  (supposed)  tabulae  of 
unopora,  and  some  further  resemblances  of  Eachara  nohilia, 
8  vain,  therefore,  to  seek  to  place  Stromatoporoids  within  the 
mds  of  any  recognized  class-type.  The  author  exhibited 
aerous  specimens,  thin  sections  and  photographs  illustrating 
leric  distinctions,  and  circulated  a  printed  synopsis  of  Stroma- 
oroids. 

''or  a  full  list  of  the  geological  papers  presented  to  the  Associa- 
1  see  page  324. 
.  Can  underground  heat  be  utilized  f — J.  Starkie  Gabdnrr 

an  article  on  this  subject  in  the  Geological  Magazine  for 
tember.  The  author  concludes  from  the  increase  of  heat 
reward,  from  metamorphism,  from  volcanoes,  and  from  the 
th's  up  and  down  movements,  that  there  is  abundant  reason 
believing  that  the  earth  has  a  thin  crust.  The  movements 
lid  be  physically  impossible  in  an  earth  solid  throughout.     If 

principal  mass  is  kept  solid  at  a  temperature  beyond  the 
ng  point  of  rock  through  the  pressure  of  the  external  envelope, 
e  pressure  must  become  relaxed  as  the  surface  is  neared,  and 
.  certain  point  the  rock  must  obey  its  impulse  and  melt,"  and 
1  mftke  a  layer  in  a  state  of  fusion.  The  movements  of  the 
il  ftr0  more  compatible  with  a  crust  of  ten  miles  thickness  than 
IMimfJftj  miles,     **The  deepest  artesian  weW  m  \\i^  ^ot\^ 
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is  being  bored  at  Pesth,  and  has  already  a  depth  of  951  meters 
The  work  is  undertaken  by  the  brothers  Zsigmondy,  partially  at 
the  expense  of  the  city  which  has  granted  £40,000  for  the  purpose, 
with  the  intention  of  obtaining  an  unlimited  supply  of  warm  watei 
for  the  municipal  establishments  and  public  batns.''  The  present 
temperature  is  161*  F.;  and  it  will  be  prosecuted  until  water  oi 
178*  is  obtained.  About  176,000  gallons  of  warm  water  stream 
out  daily,  rising  to  a  height  of  35  feet.  ''It  needs  no  seer  tc 
pierce  the  not-distant  future*  when  we  shall  be  driven  to  every 
expedient  to  discover  modes  of  obtaining  heat  without  the  com- 
bustion  of  fuel,  and  the  perhaps  far  more  remote  future  when  wc 
shall  bore  shafts  down  to  the  liquid  layer  and  conduct  our  smelt' 
ing  operations  at  the  pit's  mouth." 

3.  A  gigantic  bird  of  the  Lower  Eocene  of  Croydon^  OoBtor 
nia  Klctaaaenii ;  E.  T.  Newton.  (Geol.  Mag.,  August,  1885.)— 
The  remains  of  this  bird  indicate  a  species  as  large  as  the  Neiv 
Zealand  Dinomis.  The  most  perfect  tibiotarsus  when  complete 
must  have  had  a  length  at  least  of  20  inches,  and  its  trochleai 
extremity  is  3^  inches  wide ;  while  in  another  specimen  the  lattet 
is  4  inches  wide.  The  remains  are  from  the  ''  Blue  Clay "  and 
lignite  patches  of  the  Woolwich  beds.  The  original  specimen  oi 
Gastomis —  G,  Parieienaia — was  from  the  Lower  Eocene  beds  ol 
Meudon,  near  Paris.  The  Anserine  affinities  of  Gastomis,  u 
regards  the  tibiotarsus,  held  by  some  writers,  are  confirmed  by 
the  detailed  comparison  of  the  Croydon  bones  with  recent  forma 
In  other  parts  of  its  organization  the  genus  is  regarded  hy  Dr. 
Victor  Lemoine  as  having  affinities  with  the  Ratitse. 

4.  Comstock  Mining  and  Miners ;  by  Eliot  Lord.  U.  S, 
Geol.  Survey,  Clarence  King,  Director.  452  pp.  4to.  Washing- 
ton, 1883.  (Recently  issued;  bearing  the  date  of  March  1,  1882, 
in  the  letter  of  transmittal.) — ^This  report  is  a  history  of  th« 
development  of  the  Comstock  mines  to  the  close  of  the  year  1880, 
and,  as  the  preface  observes,  it  is  the  story  of  the  birth  of  the 
silver-mining  industry  in  this  country  as  well  as  of  its  vigoroui 
growth.  On  account  of  the  great  productiveness  of  the  lode,  the 
rapid  movement  in  population  it  occasioned,  the  qnick  succeseion 
of  events,  and  the  later  decline  and  depopulation,  the  history  hai 
unusual  social  and  political  interest.  It  is  full  of  surprising  inci- 
dents, and  of  vivid  descriptions  of  scenes  and  occurrences,  and 
contains  much  in  the  way  of  social  and  mining  statistics.  The 
interesting  volume  is  illustrated  by  three  excellent  maps. 

5.  Materialien  zur  3Iineralogie  Rueelands  von  N.  von  Kok- 
BCHARow.  Vol.  ii,  pp.  81-272.  St  Petersburg,  1885. — A  contin- 
uation of  Kokscharow's  great  work  on  Russian  Mineralogy  is 
always  a  welcome  and  valuable  addition  to  mineralogical  litera- 
ture. The  species  discussed  at  length  in  this  part  of  the  9th 
volume  are  turquois,  wulfenite,  topaz,  vesuvianite,  nepbeline, 
sanidine,  linarite. 
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III.    Botany. 

1.  TT^tf  Microscope  in  Botany:  a  Guide  to  the  Microscopical 
vestigaiion  of  Vegetable  Subetancee,  From  the  German  of  Br, 
Hub  Wilhelm  Behrena,  Translated  and  edited  bv  Rev.  A.  B. 
IRYXT,  A.M.,  assisted  by  R.  H.  Wabd,  M.D.,  P.K.M.S.  •Illus- 
kted  by  thirteen  plates  and  158  outs.  Boston  :  S.  E.  Cassino  &> 
».  1885.  pp.  466,  8vo. — This  is  a  large  and  full  book,  on  the 
oroscope  ana  its  use  in  the  investigation  of  vegetable  struotures 
d  products.  For  the  translator,  while  it  has  evidently  been  a 
>or  of  love,  it  must  have  been  a  long  and  serious  task;  and  the 
blisher  has  brought  it  out  in  the  best  style,  one  would  say  upon 
perfluously  fine  and  thick  paper,  which,  however,  allows  the 
Astrations  to  appear  at  their  oest.  One-third  of  the  volume  is 
voted  to  the  microscope  and  its  appliances.  The  preparation 
microscopical  objects  and  microscopical  reagents  are  discussed 
about  the  same  number  of  pages ;  and  the  microscopical  inves- 
^tioD  of  the  principal  vegetable  substances  is  treated  with 
nilar  fullness.  Dr.  Ward  has  borne  a  part  in  the  earlier  chap- 
rs.  Dr.  Corwentz  of  Danzig  contributed  the  short  and  very 
efnl  section  upon  the  preparation  of  fossil  plants.  There  is  a 
od  section  on  drawing  under  the  microscope.  In  respect  to  the 
)re  important  vegetable  substances  copious  bibliographical  ref- 
ences  are  appended.  The  microscope  in  this  country  is  in  many 
>nd8,  and  there  is  an  increasing  disposition  to  turn  it  to  real  sci- 
tific  account; — for  which  this  volume  should  be  helpful,    a.  g. 

2.  Bulletin  of  the  California  Academy  of  Sciences^  San  Fran- 
co.— The  new  departure  made  bv  the  issue,  in  February,  1884, 

the  first  number  of  this  Bulletin,  has  been  followed  up  with 
>irit  by  the  publication,  last  February,  of  the  still  ampler  No.  3, 
}.  61-177,  in  direct  continuation  of  No.  1.  A  No.  2,  if  it  exists,  is 
lerefore  out  of  pagination,  and  we  believe  was  only  a  fiy  leaf, 
nd  now,  in  September,  we  receive  No.  4,  or  at  least  the  first  part 
fit,  continuing  the  volume  to  p.  228.  The  papers  are  all  botani- 
tl,  except  two  short  ones  by  Dr.  Behr  on  Lepidoptera,  Dr. 
[arkness,  still  zealously  devoted  to  the  mycology  of  the  Pacific 
Mist,  here  gives  us  only  a  few  pages,  noting  additional  known 
angi  and  characterizing  some  new  ones: — among  them  his 
tycoperdon  sctdptum,  well  said  to  be  *'  a  curious  and  strikingly 
eaatiful  species,"  having  a  singular  tuberculated  cortex,  the 
ke  of  which  has  never  been  seen  before.  Plate  I.  gives  a  good 
'presentation  of  it. 

Mrs.  Curran,  the  eflScient  curator  of  the  botanical  collections 
.the  Academy  (which,  happily,  are  at  length  being  well  cared 
rand  in  the  way,  as  they  should  be,  of  steady  augmentation), 
ho  published,  as  her  first  paper,  three  new  species  of  Californian 
ants  in  the  earlier  part  of  the  Bulletin  (among  them  a  second 
canthomintha^  confirming  the  genus,  with  a  difference),  con- 
butes  another  to  No.  3,  chiefly  from  her  own  discoveries.  The 
)St  interesting  one  is  her  Nemacladue  rigidiM,     She  has  also 
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done  excellent  service — ^bibliographical  and  critioal — ^by  looking 
up  all  the  extant  materials  of  the  various  genera  and  species  pub- 
lished, during  a  series  of  years,  by  the  venerable  Dr.  AlWt 
Kellogg  in  the  several  volumes  of  the  Proceedings  of  the  Califo^ 
nian  Academy,  as  well  as  in  some  out-of-the-way  and  quite  anad- 
entific  and  ephemeral  journals  or  newspapers, — comparing  sach 
specimens  as  could  be  found  with  the  neat  drawings  which  Dr. 
Kellogg  delighted  to  make.  These  drawings  are  very  mudi 
better  than  the  rude  reproductions  of  them  which  were  eiven  in 
the  Proceedings,  are  more  numerous,  and  are  generally  more 
helpful  than  the  descriptions  in  the  work  of  determination.  The 
labor  of  looking  up  these  scattered  publications  and  of  digesting 
the  bibliography  must  have  been  very  considerable.  But  Mn. 
Curran,  with  what  help  she  could  obtain,  has  brought  them  all 
together  in  23  pages  of  the  Bulletin,  with  the  needful  referencea, 
appending  the  synonymous  name,  where  there  is  any  known  to  her. 
Botanists  who  nave  to  do  with  this  troublesome  matter  most 
heartily  thank  Mrs.  Curran  for  this  conscientious  piece  of  wort 
Without  this  exemplification  some  botanists  might  have  found  it 
difficult  to  believe  that  Dr.  Kellogg's  Linum  tri^palum  is  Meliof^ 
themum  scoparium,  his  Ludwigia  sca^riuscula  the  Ammofinia 
latifolia,  his  Gfiaphalium  Nevadeuse  the  Atitennaria  dioica^  his 
Egletes  Callfornieus  the  common  Bahia  lanata,  alias  Eriophyl' 
lum  coespitosuiHy  and  his  Jleterocodon  mimmum  the  AlchemUla 
arvetisis,  not  ^^  Specular ia  hiflora,'*^  Also,  that  the  new  genen 
Melarhiza,  Partheniop8i8y  jlesserantherum^  and  JRauapalus,  are 
founded  respectively  upon  the  Wyethia  helenioides^  Venegazia^ 
F^asera  speciosa^  ai»d  Ilerpestis  rottindifolia.  It  is  helpful,  also, 
to  hiive  in  the  Bulletin  copies  of  the  dozen  plates,  the  greater  part 
colored  and  of  new  Lower  Californian  plants,  long  ago  prepared 
for  the  Hesperean,  but  we  believe  not  published.  If  they  did 
appear,  along  with  the  descriptions,  in  this  "monthly  magazine 
published  in  San  Francisco  in  earlier  years,"  it  is  unlikely  that  the 
notanical  world  knew  or  could  have  known  anything  of  them. 
And  the  same  must  be  said  of  'Hhe  columns  of  the  San  Francisco 
Rural  Press," — hardly  a  scientific  vehicle. 

In  thus  noticing,  as  it  comes  in  our  way,  the  botanical  work  of 
a  scientific  pioneer  on  the  Pacific  coast,  we  should  not  withhold 
our  tribute  of  respect  and  admiration  for  this  zealous,  wholly  dis- 
interested, and  simple-hearted  lover  of  nature,  who  merely  wished 
to  do  what  he  could  for  the  advancement  of  our  knowledge  of  the 
Californian  flora,  under  conditions — such  as  the  want  of  boob 
and  collections — which  would  not  improperly  have  kept  back 
almost  any  other  equally  ardent  naturalist. 

The  ample  remainder  of  the  third  number  and  the  whole  of  the 
recent  issue  of  the  fourth  consists  of  "  Studies  in  the  Botany  of 
California  and  parts  adjacent,"  by  Edward  Lee  Greene,  ihey 
show  a  quickness  quite  equal  to  the  author's  well  known  quickness 
and  acuteness  in  ooservation.  Besides  the  interesting  new  mate- 
riaJ  here  elaborated — much  of  vt  ^«iitVvered  in  an  enterprising  expe- 
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• 
lOn  by  boat  to  the  islands  of  Lower  California — there  is  a  good 
\  of  reconstruction  of  old  species,  a  large  number  of  new  ones, 
I  several  new  or  restored  genera  of  plants.  Valuable  as  these 
itributions  to  our  botany  must  be,  we  suppose  that  more  time  for 
boration,  less  confidence  as  to  specific  distinctions,  and  a  more 
trained  judgment  about  genera  might  have  made  them  better, 
t  opinions  will  naturally  differ  in  botany  as  well  as  upon  other 
ijecta.  The  present  writer,  for  one,  would  not  willingly  found 
renas  upon  an  outlying  plant  which  appears  to  differ  from 
"aba  only  in  its  late-dehiscent  or  possibly  indehiscent  silicle,  and 
>ther  upon  a  wingless  Thysanocarpus  (which  even  Nuttall  with 
the  loose  ideas  of  his  later  years  about  genera  had  no  thought 
separating) ;  still  less  would  he  have  thought  of  a  probable 
iction  of  these  two  proposed  genera  into  one  upon  a  "half- 
ticipation"  of  an  unseen  second  ovule  in  the  Thyaanocarpus. 
>r  would  he  accede  to  the  restoration  of  NuttalPs  genus 
icrypta^  nor  readily  believe  that  the  genus  JEschschoUzia  com- 
ises  as  many  as  ten  definable  species.  As  to  Mimulus^  although 
r.  Greene's  discovery  that  the  capsule  of  Diplacus  dehisces  fii*st 
d  mainly  by  the  upper  suture  certainly  strengthens  the  claim 
the  latter  to  generic  rank,  there  are  no  new  reasons  for  re- 
stating JSunanus,  nor  for  setting  up  M.  pilosus  (or  Jf.  exilia)  as 
genus.  On  going  over  the  whole  ground  anew,  with  all  the 
tant  material,  ana  with  all  the  impartiality  the  present  writer 
A  muster,  he  still  is  of  the  opinion  that  Mimulua  is  best  treated 
a  multiform  ^enus. 

On  the  other  nand  there  cannot  be  a  better  genus  than  Bebbia^ 
reene  (and  our  associate  Mr.  Bebb  has  well  earned  the  honor) ; 
id  it  is  not  Mr.  Greene's  fault  nor  that  of  Dr.  Cooper  (who  both 
ng  ago  stated  that  Garphephorua  juncetis,  Benth.,  had  yellow 
)weTs)  that  the  genus  had  not  already  taken  its  place.  If  the 
riter  was  slow  of  belief,  with  only  the  dried  specimens  before 
m,  he  was  at  once  convinced  when  he  came  upon  this  striking 
ant,  full  of  golden  bloom,  in  the  Grand  Canon  of  the  Colorado. 
ar  idea  of  the  affinity  of  this  genus,  however,  is  quite  unlike  that 
Mr.  Greene,  and  will  in  due  time  be  recorded.  Mr.  Greene  re- 
re  to  a  "  Bunflower-like  odor,"  apparently  of  the  herbage ;  but  he 
akes  no  mention  of  what  was  to  us  a  most  attractive  character- 
ic,  namely,  the  delicious  aroma,  like  that  of  Acacia  Fameaianay 
bich  its  blossoms  exhale.  ▲.  o. 

3.  A  Systematic  Catalogue  of  the  Flowering  Plants  and  Ferns 
digenous  to  or  growing  wild  in  Ceylon :  Compiled  by  Henby 
tiMSNy  M.B.,  F.L.S.,  Director  of  the  Royal  Botanic  Gardens, 
sylon.  Colombo,  1885.  pp.  137,  8vo.  Separately  issued  from 
B  Journal  of  the  Ceylon  branch  of  the  Royal  Asiatic  Society. — 
r.  Trimen,  the  successor  of  the  late  Mr.  Thwaites  at  the  noted 
d  charmingly  situated  establishment  at  P^radeniya,  has  set 
nself  actively  to  the  work  of  mastering  the  botany  of  Ceylon, 
d  has  now  brought  out  this  catalogue  of  1071  genera,  phaenog- 
lous  and  vascular  crjptogamons,  besides  two  of  C/iaraceoB^  ^\i^ 
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of  their  known  Ceylonese  species,  with  some  synonyms.  The 
naturalized  species  are  enclosed  in  brackets ;  the  endemic  specieii 
by  a  happy  thought,  are  in  small  capitals,  which  at  once  catch 
the  eye.  a.  q. 

4.  Hon.  Gboboe  W.  Olinton,  probably  the  oldest  native  W 
anist  of  this  country,  a  man  of  remarkable  personality  and  attract^ 
iveness,  died  at  Albany — the  city  of  his  birth  and  boyhood^ 
September  7,  at  the  age  of  about  16,  Some  biographical  notice 
of  Jud^e  Clinton,  and  of  the  late  Charles  Wright,  may  be  ex- 
pected  in  the  January  number  of  this  Journal.  a.  o. 

lY.  Astronomy. 

1.  Identity  of  Denning*8  and  £ield*8  comets. — ^In  the  Obse^ 
vatory  Mr.  Denning  and  Captain  Tnpman  discuss  the  question 
whether  these  two  comets  may  not  be  the  same  body,  and  are  led 
to  believe  their  identity  probable.  The  two  comets  have  their 
line  of  nodes  nearly  coincident,  the  ascending  node  of  the  one 
being  very  nearly  the  descending  node  of  the  other.  The  earth 
is  supposed  to  have  thrown  the  comet  from  one  orbit  into  tlie 
other,  the  radius  vectors  being  made  to  equal  that  of  the  earth  bj 
minor  disturbances  of  Jupiter.      ' 

If  however  the  radiants  for  the  two  comets  be  compared  the? 
will  be  found  to  differ  in  position  by  a  distance  of  126®  or  180 , 
and  this  distance  is  a  measure  of  the  necessary  disturbing  power 
of  the  earth  in  order  to  throw  the  comet  from  one  orbit  into  the 
other.  Either  comet,  it  will  be  found  by  a  simple  computation, 
would  have  to  come  much  nearer  to  the  earth's  center  than  4000 
miles  in  order  to  suffer  such  a  perturbation  of  orbit 

V.  Miscellaneous  Scientific  Intelligence. 

1.  Meeti7\g  of  the  American  Association  for  the  Advancement 
of  Science  at  Ann  Arbor,  Michigan* — The  thirty-fourth  meeting 
of  the  American  Association  for  the  Advancement  of  Science 
convened  in  Ann  Arbor  on  Wednesday,  August  26,  and  adjourned 
on  Tuesday  evening,  September  1.  The  sessions  were  held  in  the 
halls  and  apartments  of  the  University,  which  were  found  unosn- 
ally  commodious,  being  spacious,  accessible  and  quiet,  and  the 
large  University  hall  seating  3,000  persons.  The  total  numher  of 
members  registered  during  the  meeting  was  364,  and  the  total 
number  of  new  members  elected  was  153.  A  very  large  number 
of  visitors  attended  the  meeting  in  addition  to  the  above  listi 
The  total  number  of  papers  entered  for  the  meeting  was  179;  and 
of  these  176  were  read,  including  one  illustrated  evening  lecture. 
Of  these  papers  there  were  read  before  the  section  of  Mathematics 
and  Astronomy,  12;  before  that  of  Physics,  23;  that  of  Chemis- 
try, 18;  of  Mechanical  Science,  12;  of  Geology  and  Geography. 
27;  of  Biology  (which  was  made  to  include  all  paleontological 

*  The  editors  are  indebted  ?ot  l\i\a  «^!l^\^  \»  ^tQ\^-«»Qt  i^^vcL^^'S.v^a. 
Arbor. 
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upen),  32 ;  of  Histology  and  Miorosoopy,  4 ;  of  Anthropology^ 
I;  of  EooDomic  Science  and  Statistics,  21.  The  lecture  was  on 
Mday  evenins  by  Capt.  E.  L.  Corthell,  on  "The  Interoceanio 
toblem  and  its  Scientific  Solution,"  with  lantern  illustrations. 
"he  address  of  retiring  President  Lesley  was  delivered  on 
iTednesday  evening  to  a  large  audience  in  University  Hall,  the 
ioe-presidential  addresses  having  been  mostly  given  during  the 
ftMrnoon. 

The  arrangements  effected  by  the  local  committee  appeared  to 
AYe  been  perfect,  and  were  the  subject  of  universal  commenda- 
ion.  All  the  usual  preparations  of  rooms,  blackboards,  tables, 
ign-boards  and  the  like  were  provided,  and  there  was  opened,^ 
text  door  to  the  Permanent  Secretary's  office,  a  post-office,  express 
Ace,  telegraph  office  and  telephone  office.  On  the  same  floor  was 
he  office  of  the  committees  on  excursions  and  on  transportation. 
nie  insufficiency  of  the  hotel  accommodations  led  to  the  opening 
)f  many  private  houses — not  a  few  for  both  lodgings  and  board — 
md  a  common  restaurant  with  a  capacity  of  300  was  organized 
or  such  as  desired  it.  Many  citizens  were  also  free  entertainers. 
!)n  Thursday  evening  a  public  reception  was  ^iven  at  the  Court 
Souse — a  new  fine  building  with  imposing  staircases — whose  two 
Hories  and  basement  had  been  decorated  with  elaborateness  and 
irtistio  taste,  which  won  praise  from  the  thousand  guests  in 
attendance.  On  Friday  afternoon  the  city  gave  also  an  elegant 
bwn  partv  on  the  campus.  On  Saturday  400  guests,  invited  by 
the  liberality  of  Detroit,  enjoyed,  free  of  all  expense,  an  excursion 
to  Detroit  and  thence  by  the  steamer  Northwest  up  the  Detroit 
River  and  Lake  St.  Clair,  viewing  the  government  improvements 
in  the  lake  and  the  unique  line  of  summer  houses  on  the  islands; 
and  thence  to  Marine  City.  At  this  point  are  very  extensive  salt 
works,  based  on  an  enormous  supply  of  rock-salt  of  the  Salina 
Group,  found  here  1633  feet  below  the  surface,  and  having  a 
known  thickness  of  over  115  feet.  After  an  inspection  of  these 
woiks,  for  which  every  facility  was  provided  by  the  proprietor, 
Mr.  C.  McElroy,  the  excursion  proceeded  to  St.  Clair,  where  an 
degant  dinner  was  served  at  the  '^  Oakland  House,"  a  vast 
ittnmer  hotel,  whose  business  is  based  on  a  mineral-well  supplied 
from  the  Huron  Group  and  rich  in  sulphur.  Returning  from 
fcere,  a  lunch  was  served  on  board,  speeches  of  greeting  were 
made  and  replied  to,  and  a  delightful  day  was  ended  with  the 
Ktam  at  9  o'clock.  A  sreneral  excursion  was  also  arranged  for 
September  2d  to  Mackinac  and  thence  in  various  directions. 
Entertainments  of  less  general  character  were  numerous.  A 
reception  was  given  to  the  geologists  and  many  of  their  friends 
on  Friday  evening  by  Professor  A.  Winchell,  and  one  to  the 
chemists  and  their  friends  on  Monday  evening  by  Dr.  Prescott. 
The  botanists  were  taken  by  Professor  Spaulding  on  an  excursion 
to  the  Tamarack  Swamp.  Invitations  to  lunch  and  dinner  were 
ibandant;  and  carriage  rides  about  the  city  and  suburbs  were 
inite  general  The  principal  interest  in  ibeae  de\»^\\^  \"i  NXv^ 
emonstration  that  the  Association  can  obtain  ampVe  cotvn  em^'Wi.^'^ 
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and  enjoyments  in  a  city  with  a  population  of  less  than 
thousand.  Indeed,  Ann  Arbor  coula  have  accommodau 
thousand  guests  as  easily  as  five  hundred. 

It  was  generally  remarked  that  the  scientific  work  oi 
meeting  was  good.  An  unusually  large  proportion  of  Fel 
was  present.  Fewer  papers  than  usual  haa  to  be  rejected  ; 
there  were  several  papers  of  great  and  permanent  importanc 
will  appear  from  the  particular  reports.  The  section  of  Histc 
and  Microscopy  was  merged  in  that  of  Biology  by  reqae 
the  section  itself.  Resolutions  were  adopted  expressing  a 
appreciation  of  the  value  of  the  work  of  the  '*  Coast  and  Gee 
Survey,"  and  a  hope  that  criticisms  of  the  work  might  be  le 
the  government  to  competent  scientific  experts. 

The  subjects  of  the  addresses  before  the  several  sections  b 
vice-presidents  were  as  follows :  Professor  W.  R.  Nichols,  t 
•Chemical  section,  on  Chemistry  in  the  service  of  public  he 
Professor  Edward  Obton,  to  the  Geological  section,  on  unfin 
pi'oblems  relating  to  the  geology  of  coal ;  Professor  J.  hm 
Wbbb,  of  Ithaca,  to  the  Mechanical  section,  on  the  second  h 
Thermo-dynamics ;  Dr.  B.  G.  Wildkb,  of  Ithaca,  to  the  Bi( 
<3al  section,  on  an  educational  museum  of  Vertebrates;  Pro! 
S.  H.  Gage,  of  Ithaca,  to  the  section  of  Microscopy  and  Histc 
on  the  limitations  and  value  of  histological  investigations; 
W.  H.  Dall,  of  Washington,  to  the  Anthropological  sectio 
the  native  tribes  of  Alaska ;  Mr.  Edwabd  Atkinson,  of  Be 
to  the  section  of  Economical  Science,  on  the  application  of  Sc 
to  the  production  and  consumption  of  food.  [Abstracts  of 
addresses,  together  with  notes  on  many  papers  read  at  the  i 
ing,  are  given  in  the  number  of  Science  for  September  11 
136)  and  the  address  entire  of  the  retiring  president.  Prof 
Lesley,  in  the  number  for  August  28.] 

Buffalo,  New  York,  was  selected  for  the  meeting  of  the  Asi 
tion  in  )  886 — where  the  meetings  of  1866  and  1876  were  held- 
Wednesday  the  18th  of  August  appointed  for  the  opening  sei 

Professor  Edwabd  S.  Mobse,  of  Salem,  Mass.,  was  el 
President,  and  the  following  for  Vice-Presidents  of  the  difl 
sections:  Professor  J.  W.  Gibbs,  of  New  Haven,  Mathen 
and  Astronomy ;  Professor  C.  F.  Bbackett,  of  Princeton,  J 
ics ;  H.  W.  Wiley,  of  Washington,  Chemistry ;  O.  Chanut 
Kansas  City,  Mechanical  Science;  Professor  T.  C.  Chambe 
of  Washington,  Geology  and  Geography ;  Professor  H.  P. 
DITCH,  of  Boston,  Biology ;  Horatio  Hale,  of  Clinton,  On 
Anthropology ;  Joseph  Cummings,  of  Evanston,  III.,  Ecoe 
Science  and  Statistics. 

List  of  Papers  accepted  for  Reading, 

1.  Astronomy,  Mathematics,  Physics. 

H.  A.  Newton:  Effect  of  small  bodies  passing  near  a  planet  upon  the  pi 
velocity. 

D.  P.  Todd:  On  a  rare  ann-apot,  observed  1885,  May  19,  21  and  22;  The 
ble  circle, — a  new  device  vfiveteVjy  Wie  aftXWxi^Ql  wl*3^\x<ixvwsCv3«l^\\^A^rs3^^ 
be  made  by  the  ear. 
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V.  HABKinsB:  On  the  flexure  of  transit  instruments. 
K  W.  Hough  :  Description  of  a  printiDg  cbroDOgraph. 
.  Btjrkitt  Webb  :  Polar  versus  other  coordinates. 
.  Haywood  :  The  visible  shadow  of  the  earth. 

L  P.  Lakolet:  Spectra  of  some  sources  of  invisible  radiation,  and  on  the  reoog- 
of  hitherto  unmeasured  wave-leDgths. 
A.  B&A8UEAH:  A  practical  method  for  working  rock-salt  surfaces  for  optical 


'.  W.  MooBE:  The  direct  optical  projection  of  electro-dynamic  ''  lines  of  force  ;'*^ 

)  optical  projection  of  electro-dynamic  phenomena. 

L  8.  Gabhabt  :  On  surface  transmission  of  electrical  discharges. 

L  L.  Nichols:  A  spectro-photometric  analysis  of  the  color  of  the  sky;  Ohemi- 

behavior  of  iron  in  the  magnetic  field 

I.  B.  Alvobd  :  Telemetric  aid  to  meteorological  records. 

V.  Fbbbxl:  Psychrometry. 

7.  H.  Chandleb:  A  Dew  harmonograph. 

\  F.  Jewell  :  Apparent  resistance  of  a  body  of  air  to  a  change  of  form  under 

Iden  compression. 

I.  W.  Eaton:  The  relation  of  vanishing  and  permanent  magnetism. 

^  G.  Meitdenhall:  Note  on  electrometers  and  atmospheric  electricity. 

k.  E.  Dolbbab:  On  the  contact  theory  of  electricity;  On  an  incandescent  elec- 

\  lamp  for  projection ;  On  a  new  galvanic  element. 

I..  J.  RoOEBS:  Electrolysis  of  salt  of  the  alkalies  and  alkaline  earths. 

1  K.  Wead:  Exhibition  of  a  combined  spectro-photometer  and  ophthalmo- 

)ctn>80ope. 

Z.  J.  Reed  :  Exhibition  of  an  apparatus  for  demonstrating  the  laws  of  falling 

lies. 

C.  H.  Rockwell:  Some  practical  results  in  determining  time  and  latitude  with 

)  almucantar. 

H.  H.  Clayton  :  Weather  changes  of  long  period. 

T.  Bassnbtt:  Parallax  of  the  sun. 

8.  S.  Haight  :  Rapidity  of  calculation. 

2.  Chemistry. 

T.  Taylob:  On  the  crystals  of  butter  and  other  fats. 

A.  B.  Pbescott  :  Control  analyses,  and  limits  of  recovery  in  chemical  separations. 
E.  D.  Campbell:  A  colorimetric  method  for  the  estimation  of  phosphorus  in 
m  and  steel. 

W.  A.  NOYES:  On  para-nitro-benzoic-sulphinide. 

W.  H.  Wiley:  Estimation  of  acetic  acid  occurring  with  lactic  acid  in  sour  milk 

himys;  Composition  of  kumys  made  from  cow's  milk;  Honey  and  its  adultera- 

DS. 

B.  H.  GowLES,  A.  H.  Cowles  and  C.  F.  Mabeby  :  On  the  electrical  furnace  and 
)  reduction  of  the  oxides  of  boron,  silicon,  aluminium  and  other  metals  by  carbon. 
W.  A.  WriHEBS:  Chemical  conversion  scales. 

E.  B.  Battle  and  F.  B.  Dancy  :  Consideration  of  the  atomic  weights  of  some 

the  elements  found  in  agricultural  analysis,  and  their  application  to  conversion 

>le6  to  facilitate  calculation. 

tfote  on  the  estimation  of  water  in  glucoses,  honeys,  etc. 

EIelen  C.  DeS.  Abbott  :  A  chemical  study  of  Yucca  angustifolia. 

A.  y.  E.  TouNQ :  Thermo-chemical  analysis  of  the  reaction  between  potassic 

drate  and  common  alum. 

P.  P.  DuNNiNOTON:    A  sponge-like  mass  containing  titanic  acid;   A  simple 

ithod  of  fixing  crayon  drawings  on  paper. 

J.  W.  Langlbt  :  On  the  concentration  of  certain  acid  radicles  by  the  differen- 

1  action  of  chemism. 

0.  C.  Johnson  :  Negative  bonds  and  rule  for  balancing  equations. 

J.  W.  Pnu :  Chemical  and  thermo-chemical  relations  of  the  gases  of  the  atmos- 

ere  in  the  disintegration  and  metamorphism  of  rocks. 

C.  J.  Reed  :  Graphical  representation  of  the  relation  between  valence  and  Men- 
^fTa  periodic  law. 
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G.  G.  Wheelbr:  Aotion  of  carbonio  anhydride  in  aqueous  solutioB  on 
minerals,  and  modifjiDg  influence  of  sodium  chloride. 

3.  Mechanical  Science, 

L.  S.  Randolph  :  Strength  of  staj-bolts  in  boilers. 

D.  P.  Todd:  On  a  universal  form  of  pressure  motor. 
S.  S.  Haiqht  :  Use  and  value  of  accurate  standards  for  surveyors*  chains. 
J.  BuBKiTT  Webb  :  The  lathe  as  an  instrument  of  precision ;  The  economy  of 

accurate  standards. 

C.  J.  H.  WoODBURT :  Experiments  upon  the  coefficient  of  efflux  of  automitie 
•sprinklers. 

F.  C.  Wagner:  Electric  light  tests. 

M.  E.  CooLET:  Testing  indicator  springs;  A  new  smoke-burning  device. 

R.  H.  Thurston:  Cylinder  condensation  in  steam  engines;  A  Prony  brake  for 
governing  powerful  steam  engines. 

A.  Hogg  :  Deep  water  at  Galveston,  Texas,  and  how  to  secure  it 

4.  Oeohgyy  Pcdeonlokygy^  Mineralogy. 

A.  Winchell:  Geology  of  Ann  Arbor;  Ckenoslrcma  and  JStoalroma,  and  the 
^x>mprehen8ive  character  of  Stromatoporoids;  Sources  of  trend  and  cniita/ f ir- 
pltuage  in  mountain  structure. 

W.  B.  Taylor:  Aprobable  cause  of  the  shrinkage  of  the  earth's  crust 

S.  G.  Williams:  westward  extension  of  rocks  of  the  Lower  Helderberg  period 
in  New  York. 

J.  D.  Dana  :  Lower  Silurian  fossils  in  a  limestone  of  the  original  Taoonic. 

L.  E.  Hicks:  Structure  and  relations  of  the  Dakota  Group. 

F.  D.  Chester  :  Results  trom  a  study  of  the  gabbros  and  associated  amphibo* 
lites  in  Delaware. 

A.  D.  Cr  AND  ALL:  Occurrence  of  trap  rock  in  eastern  Kentucky. 
A.  H.  Worthen  :  The  Quaternary  deposits  of  Illinois. 

G.  K.  Gilbert:  Post-glacial  changes  of  level  in  the  basin  of  Lake  Ontaria 
H.  S.  Williams  .*  Classification  of  the  Upper  Devonian. 

E.  Orton:  The  gas  and  oil  wells  of  northwestern  Ohio;  Record  of  the 
well  of  the  Cleveland  Rolling  Mill  Co.,  Cleveland,  0. 

W.  Mo  Adams:  The  Loess  and  drift-clays. 

W.  B.  D wight:  Discovery  of  fossiliferous  Potsdam  limestone  at  Poughkeepae, 
N.  Y. 

E.  W.  Clatpole:  The  materials  of  the  Appalachians. 

T.  Sterrt  Hunt  :  Apatite  deposits  in  Laurentian  rocks. 

J.  C.  Branner  :  GlaciatioD  of  the  Lackawanna  Valley. 

C.  Wachsmuth:  The  presence  or  absence  of  underbasals  can  be  ascertBined 
from  the  columns. 

K.  D.  Cope  :  On  the  brain  and  auditory  organs  of  a  Permian  Theromorph  Sauriaa. 

A.  S.  Tiffany:  The  Corniferous  or  Upper  Helderberg  Group  of  Scott Goun^, 
Iowa  and  Rock  Island,  111.,  with  a  list  of  fossils;  The  Chemung  Group  at  Burling- 
ton, Iowa,  with  a  list  of  its  fossils. 

N.  H.  Winchell:  Notice  of  Lingula  and  Paradozldes  fh>m  the  red  quartzites 
of  Minnesota. 

G.  F.  KuNz:  A  new  mass  of  meteoric  iron  from  Charleston,  Slanawha  Oonntf, 
West  Virginia;  Mineralogical  notes:  Tourmaline  locality  at  Rumford,  Maine; 
Pseudomorph  of  feldspar  after  leucite  (?)  fh>m  Magnet  Cove;  On  a  remarkable 
rough  collection  of  diamonds;  Native  antimony  and  its  associations  at  Priaoe 
William,  New  Brunswick. 

5.  Botany^  Zoology,  Mieroscopy. 

E.  Sturtevant:  Observation  on  the  hybridization  and  cross-fertilization  of 
plants;  Germination  studies. 

C.  E.  Besset  :  Further  observations  on  the  adventitious  inflorescence  of  Cu- 
cuia  glomerata ;  Question  of  bisexuality  in  the  pond-scums  (Ziifnemacea), 

C.  R.  Barnes:  Procesa  m  lettyWi-aXXcixi  Vxi  Campwavlo^  Aiiweiricatuu 


MiaceUaneavs  Intelligence.  327 

B.  G.  BxaoEB:  Biological  deductions  from  a  comparative  study  of  the  indueuce 
Cocaine  and  Atropine  on  the  organs  of  circulation ;  Structure  of  GkUiidea  pyra- 
data  (Stien)  Dall. 

C.  y.  Rilst:  The  song-notes  of  the  periodical  Cicada  {Cicada  septendecim  L.), 
d  the  mechanism  by  which  they  are  produced;  Some  popular  fallacies  and 
me  new  facts  regarding  Cicada  septendecim;  On  the  parasites  of  the  Hessian- 
'  ( Oecidomyia  destructor  Say). 

A.  W.  BuTLKB:  The  periodical  Cicada  in  southeastern  Indiana ;  Obserrations  on 

6  musk-rat 

J.  0.  Abthub:  Proof  that  Bacteria  are  the  direct  cause  of  the  disease  in  trees 

lown  as  pear-blight. 

S.  H.  Oagb  and  Sw  S.  Phelps  Gagb:  Aquatic  respiration  in  soft-shelled  turtles 

iipMlcmectef  and  Amyda). 

iu  D.  Cops:  Phylogeny  of  the  placental  Mammals. 

T.  J.  BuBRiLL:  The  mechanical  injury  to  trees  by  cold. 

J.  M.  Coulter  :  On  the  appearance  of  the  relation  of  ovary  and  perianth  in  the 
eTel<qpment  of  dicotyledons. 

C.  S.  MurOT :  A  new  membrane  of  the  human  skin ;  Organization  and  death  ; 
iorpbology  of  the  supra-renal  capsules;  The  structure  of  the  human  placenta; 
iToiition  of  the  lungs. 

D.  H.  Campbell:  The  development  of  the  proihallium  of  ferns. 

J.  B.  Stbbrb  :  The  importance  of  individual  facts  of  environment  in  the  forma- 
^  of  groups  of  animals. 

B.O.  Wilder;  Experiments  antagonizing  the  view  that  the  semilsB  (serrated 
ippcndagee)  of  Amia  are  accessory  organs. 

iL  Atbbs:  On  the  structure  and  functions  of  Spheeridia  of  the  Echinidii;  On 
tte  carapax  and  sternum  of  the  Decapod  Crustacea. 

W.  0.  Faelow  :  Notes  on  some  injurious  Fungi  o^  California. 

D.  B.  Salmon  and  T.  Smith:  A  new  Chromogenous  Bacillus  {BaeiUue  luteua  auie). 

J.  B.  Webb:  Entropy;  The  life  of  the  universe. 

W.  H.  Walmslet:  Photo-micrographs  on  gelatine  plates  for  lantern  projection. 

T.  J.  Bubiull:  Photo-mioography  work  with  high  powers. 

C  P.  Habt:  a  new,  cheap  and  quickly  constructed  adjustable  microtome. 

BL  BrroBCOOK :  Optical  arrangements  for  photo-micrography,  and  remarks  on 
Mttgniflcation. 

6.  Anthropology, 

J.  0.  Dobsbt:  a  visit  to  the  Siletz  agency ;  Primary  dassiflers  in  Dbegiha  and 
cognate  languages ;  Indian  personal  names. 

A.  W.  Butler:  The  remains  of  San  Juan  Teotihuacan. 

N.  H.  Wikchell  :  A  supposed  natural  alloy  of  copper  and  silver  irom  the  north 
ahore  of  Lake  Superior,  in  Minnesota. 

W.  C.  Wtman  :  Exhibition  of  copper  implements. 

Aucb  C.  Fletcher:  Sacred  war  tent  and  some  war  customs  of  the  Omahas: 
In  iferage  day  in  camp. 

F.  La  Flesohe  :  Laws  and  terms  of  relationship  of  the  Omahas. 

W.  MoAbams:  Exploration  of  recent  Indian  mounds  in  Dakota;  Ancient  pic- 
togaphs  in  Illinois  and  Missouri ;  Explorations  in  the  great  Cahokia  mounds. 

H.  Oilman  :  Burial  customs  of  our  aborigines. 

W.  L.  COFFiNBERRT :  Exhibition  of  specimen  with  notes. 

J.  W.  Sanborn:  Customs,  language  and  legends  of  the  Senecas. 

W.  M.  Beauchamp  :  Permanence  of  Iroquois  clans  and  sachemships. 

Mn.  E.  A.  Smith:  Significance  of  Flora  to  the  Iroquois;  Who  made  belt 
wampam? 

M.  L  ROUBE :  Music  in  speech. 

6.  H.  Perkins:  The  stone  axe  in  the  Champlain  Valley;  Stone  implements 
from  Vermont. 

C.  S.  MiNOT:  The  number  habit;  Are  contemporary  phantasms  of  the  dead  to 
be  explained  partly  as  folk  lore  ? 

F.  W.  Putnam  :  Ornaments  made  of  pieces  of  human  skulls,  from  a  mound  in 
^iuo;  Proper  methods  of  exploring  mounds. 

W.  Zimmerman:  The  deffeneracy  of  races. 

IF,  DbHabs:  The  Bnimal  mounds  of  Wisconsin. 
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7.  Economic  Science  and  StatisHcB, 

H.  E.  Alvobd  :  Relative  yalue  of  human  foods. 

C.  Y.  RiLET:  A  new  method  of  counteracting  the  ravages  of  locusts 
called  **  grasshoppers "  (Acridids);  The  present  status  and  future  prosp 
silk-culture  in  the  United  States. 

C.  Reehelin  :  City  (Government 

E.  Atkinson:  Insurance  agiunst  loss  by  fire;  Competition  and  coope 
synonymous  terms. 

E.  B.  Eluott  :  The  silver  question ;  Electric  lighting. 

J.  W.  HoTT:  On  the  need  of  a  systematic  reorganization  of  the  eze 
departments  of  the  government  in  the  interest  of  science  and  of  public  ecom 

C.  W.  Smiley:  Some  defects  of  our  Savings  Bank  system  and  the  d< 
Postal  Savings  Banks  in  the  United  States. 

Maa  Ellek  H.  Richards:  An  illustration  of  a  method  of  teaching  elemt 
science  in  grammar  schools. 

2.    U.  S,  Coast  and  Geodetic  Survey. — The  resolutions 
regard  to  the  United  States  Coast  Survey,  passed  at  the  n 
meeting  of  the  American  Association  at  Ann  Arbor,  witb( 
dissenting  voice,  are  in  accord,  we  believe,  with  the  viep 
scientists  throughout  the  country.     The  survey  has  had  | 
influence  in  promoting  the  progrens  of  hi>i;h  science  in  the 
through  its  aemand  for  the  best  abilities  in  the  departmeni 
mathematics,  physics,  hydrography  and  geodesy,  in  order  to  ( 
forward  its  work,  and  through  the  investigations  it  has  been 
pelled  to  undertake  for  the  improvement  of  its  methods,  the 
oration  of  its  observations  and  the  perfecting  of  its  results, 
department  of  work  under  the  government  requires  greater  e 
ness  and  a  wider  and  profounder  range  of  knowledge.     For  t 
years  and  more,  commencing  under  JProfessor  Bache,  its  ar 
reports  have  contained,  not  only  charts  of  hydrographic  woi 
great  numbers,  but  also  papers  of  high  scientific  merit  bearin 
the  various  questions  arising  out  of  the  investigations  in  prog 
and  others  fundamental  to  tnose  investigations ;  and  tbis  has 
tinned  to  be  true  to  the  latest  issue  under  Mr.  Hilgard.    The 
of  the  Coa^  Survey,  as  outlined  by  Bache  and  carried  for 
by  his  successors,  has  a  unity  and  a  completeness  which  sb 
be  preserved  in  its  future  scope  and  management.     Besides 
vating  the  science  of  the  country,  it  has  tended  also  to  exa 
foreign  lands  the  standing  of  American  science.     Any  crip] 
of  the  Survey  in  the  present  unfinished  stage  of  its  work  w 
therefore  be  a  national  calamity. 

The  demand,  in  the  vote  of  the  Association,  that  the  hea 
the  Coast  Survey  (and  by  inference  the  superintendents  of  ( 
scientific  work)  should  have  the  highest  possible  standing  an 
scientific  men,  and  should  command  their  entire  confidence, ; 
accordance  with  the  "civil  service"  principles  of  the  coui 
Sure  destruction  to  the  usefulness  and  reputation  of  the  sciei 
departments — for  example,  those  of  the  Coast  Survey,  the  Sd 
sonian  Institution  and  the  Geological  Survey — would  follow  t 
subjection  to  the  control  of  persons  without  thorough  sciei 
education,  for  it  would  be  c^uite  sure  to  end  in  subjection  to 
debasing  inflluencea  oi  i^o\\U(i«\  wcc^iVC\Q\i. 
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^RT.  XLIII. — The  Quantitative  determination  of  Niobium;  by 

T.  B.  Osborne. 

Niobium  occurs  in  nature  almost  always  in  connection  with 

iQtalum  and  titanium,  in  tbe  presence  of  which  it  has  been 

eretofore  impossible  to  obtain  more  than  an  approximate  de- 

rmination  on  account  of  the  close  analogy  of  the  behavior  of 

lese  three  elements,  when  occurring  together,  toward  reagents. 

Marignac  proposed  in  1866  (Arch,  de  Sc,  xxv,  p.  17)  the 

t)cess  now  generally  employed  for  the  determination  of  nio- 

am,  but  as  he  says  in  describing  his  method,  only  approxi- 

ate  results  can  be  obtained  by  its  use.     His  method  depends 

I  the  diflference  in  solubility  of  the  potassium  fluorine  salts  of 

ntalum,  niobium  and  titanium.     Tantalum  forms  a  salt  of  the 

mposition  TaFj2KF  dissolving  at  ordinary  temperatures  in 

0-200  parts  of  water  acidulated  with  hydrofluoric  acid  and 

ystallizing   in   fine    needles.     Niobium   on    the   other   hand 

rms  a  salt  of  the  composition  NbOF,2KFHaO,  dissolving  in 

elve  parts  of  water  and  crystallizing  in  scales  isomorphous 

th  the  corresponding  titanium  salt.     The  potassium  titanium 

loride  dissolves  in  ninety-six  parts  of  water. 

Marignac  adds  bifluoride  of  potassium  to  the  solution  of  the 

lorides  of  tantalum,  niobium  and  titanium,  and  concentrates 

1  scales  of  TiF,2KF  or  NbOF,2KF  appear.     The  TaF,2KF 

filtered  and  washed  with  the  aid  of  a  pump  until  the  wash- 

gs  no  longer  give  any  orange  red  precipitate  with  solution 

galls  after  standing  two  hours.     On  account  of  the  solubility 

'the  TaF.2KF  the  mother  liquor  containing  the  NbOF,2K'F 

.aat  always  be  a  saturated  solution  of  TaFj2KF  and  likewise 

loss  must  occur  on  washing,  so  that  even  if  the  process  of 
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crystallization  be  several  times  repeated,  as  is  usually  neces- 
sary, a  very  considerable  loss  must  occur.  Moreover,  the 
tantalum  potassium  fluoride  cannot  be  entirely  freed  from  nio- 
bium in  this  way,  for  I  found  in  preparing  TaFj2KF  that  the 
niobium  cannot  be  entirely  removed  by  simply  crystallizing 
and  washing,  as  I  was  compelled  to  recrystallize  several  times 
before  the  TaFj2KF  gave  no  evidence  of  the  presence  of  nio- 
bium,  when  tested  by  reducing  with  zinc  and  hydrochloric  acid. 
Titanium  will,  when  present  in  any  considerable  quantity, 
render  the  application  of  this  method  still  more  uncertain  od 
account  of  the  intermediate  solubility  of  the  potassium  titanium 
fluoride  and  its  close  resemblance  to  the  NbOF,2KF. 

From  this  description  it  will  readily  be  seen  that  this  method 
is  open  to  serious  objection  and  can  only  find  acceptance  in 
want  of  a  better.  I  therefore  undertook  an  investigation  of 
the  reduction  with  zinc  in  acid  solutions  containing  niobiam 
with  the  hope  of  discovering  a  more  accurate  and  less  diffieali 
method  of  determination.  The  salts  of  tantalum  and  niobiom 
I  prepared  from  columbite  from  Branchville,  Connecticnt,  in 
the  following  way  :  The  mineral  was  ground  to  pass  a  sieve  of 
100  meshes  to  the  inch,  and  600  grams  fused  with  bisulphatft 
of  potassium  in  a  platinum  dish,  lOO  grams  at  a  time.  Whea 
thoroughly  fused  the  mass  was  immediately  poured  into  cold 
water  which  caused  the  separated  tantalic  ana  niobic  acids  to 
granulate  and  expose  a  large  surface  to  the  action  of  the  water, 
whereby  the  solution  of  the  bisulphate  of  potassium  was  very 
materially  promoted  and  the  lumps  broke  up  easily  on  stirring, 
the  tantalic  and  niobic  acids  separating  partly  in  a  floocaleni 
and  partly  in  a  granular  form. 

After  washing  by  decantation  the  residue  was  treated  with 
ammonium  sulphide  and  then  filtered  and  washed  to  remove 
any  tin  or  tungsten  which  might  be  present     Hydrochloric 
acid   was  then  added  and  after  washing,  the  residue  was  ob- 
tained free  from  iron  and  manganese.     The  residue- was  next 
treated  with  hydrofluoric  and  sulphuric  acids,  in  ord  en  to  remove 
any  silica,  precipitated  with  ammonia  and  washed  free  from  sul- 
phates.    The  tantalic  and  niobic  acids  thus  obtained  weredis* 
solved  in  an  excess  of  hot  hydrofluoric  acid  and  carbonate  of 
potassium  added  gradually,  and  after  cooling,   the  TaF^2KF 
filtered  off.     The  crude  TaFj2KF  was  recrystallized  several 
times  and   washed   till   no  reduction  whatever  took  place  oi 
testing  with  zinc  and  hydrochloric  acid.     The  mother  liquor 
from  the  crude  TaFj2KF  was  then  nearly   neutralized  witk 
carbonate  of  potassium  which  caused  the  solution  to  nearly 
solidify   from    the   formation   of  NbOF,2KF.     This  prodad 
was  then  recrystallized  several  times  and  tested  for  tanlalua 
by    boiling   with   pure   ^uX^x^  ^iV^xv^  %siS!«t^\Ti\|^  \ft  \L'Nrv^^^ 
if  the  slightest  trace  ol  UxvUXxim  ^^x^  >^x^«^\iV\x  ^^-^^^ 
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irate  as  an  oxyfluorida     None  was  found.     Analyses  of  the 
IfbOF,2KFH,0  thus  obtained  gave  the  following  results. 


Calculated. 

^P 

5-92 

5-90 

5-97 

NhO 

36-92 

36-84 

36-87 

k; 

26-07 

26-13 

26-97 

F. 

31-09 

31-13 

31-19 

Ti 

trace 

trace 



100-00       100-00       100-00 

This  analysis  shows  that  the  salt  was  practically  pure.  The 
trace  of  titanium  was  found  by  testing  with  H,0,  ana  amounted 
to  only  -0066  per  cent. 

Tantalum  when  treated  with  zinoand  hydrochloric  acid  does 
not  reduce.  Niobiam  on  the  other  hand  forms  apparently 
several  reduction  products  or  at  least  exhibits  colors  varying 
according  to  treatment.  When  zinc  is  added  to  a  dilate  hydro- 
chloric acid  solution  of  niobium,  a  blue  color  is  formed  in  the 
oold;  if  the  acid  is  strong  a  brown  color  is  obtained  which,  if 
the  acid  is  allowed  to  act  on  the  zinc  until  nearly  neutralized, 
changes  to  blue  and  an  indigo  blue  precipitate  separates  out 
When  heated  to  100*^  only  quite  dilute  acid  solutions  give  a 
blue  color  which  speedily  turn  brown.  Those  containing  more 
acid  give  a  brown  color  at  once.  If  sulphuric  acid  is  used  in- 
stead of  hydrochloric,  the  blue  color  appears  at  first,  but  on 
heating  with  much  acid  this  passes  into  a  brown  differing 
slightly  in  color  from  that  produced  in  the  hydrochloric  acid 
solation.  A  grass-green  color  is  often  obtained  in  the  cold, 
with  both  sulphuric  and  hydrochloric  acids,  which  appears  to 
be  intermediate  between  the  blue  and  the  brown  as  the  blue 
passes  into  green  and  this  into  brown.  All  solutions  strongly 
acidified  with  sulphuric  or  hydrochloric  acid  give  on  heating  a 
dark  brown  color,  which  eviaently  indicates  the  lowest  reduc- 
tion attainable,  while  the  blue  color  marks  a  higher  oxide  than 
^e  brown  or  else  an  incomplete  reduction. 

The  solution  reduced  with  sulphuric  acid  and  zinc  is  much 
leas  stable  than  that  with  hydrochloric  acid,  for  on  pouring  it 
^hile  warm  into  water,  if  the  amount  of  reduced  niobium  is 
'iifficient,  an  evolution  of  hydrogen  takes  place  from  the  decom- 
position of  the  water.  With  hydrofluoric  acid  and  zinc  a 
lolet  color  is  produced  similar  to  that  given  by  titanium  with 
inc  and  sulphuric  acid.  Under  similar  conditions  titanium 
ives  a  green  color. 

The  first  attempts  at  a  quantitative  determination  of  niobium 
^ere  made  with  sulphuric  acid  solutions  of  NbOF,2KF,  as  sul- 
phuric acid  is  better  suited  for  titration  with  potassium  perman- 
ianate  than  hydrochloric.  It  was  found,  however,  that  the 
Oaount  of  reduced  niobium  was  very  far  from  co\i^\Ax\\..    ^oit^ 
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constant  results  were  obtained  by  pouring  the  reduced  solul 
into  ferric  sulphate,  but  these  vaned  too  widely  to  give  \ 
promise  of  a  satisfactory  method.  Hydrochloric  acid  was  tl 
tried  and  iodine  solution  added  till  a  drop  gave  a  blue  cc 
with  a  drop  of  starch  solution,  then  sodium  thiosulphate  s( 
tion  in  slight  excess,  then  a  few  drops  of  starch  solution  \ 
iodine  added  till  a  blue  color  appeared.  It  was  found,  h( 
ever,  that  a  dark  brownish  color  was  formed  near  the  enc 
the  titration  which  so  obscured  the  blue  of  the  starch  that  v 
unsatisfactory  results  were  obtained. 

I  then  tried  potassium  dichromate  for  titrating,  pouring 
reduced  solution  into  ferric  chloride  but  without  success. 

Potassium  permanganate  was  then  returned  to  and  m 
ganese  sulphate  or  magnesium  sulphate  added  to  prevent 
action  of  the  hydrochloric  acid  on  the  permanganate.  It  \ 
afterward  found  that  by  suflScient  dilution  the  end  point  coi 
be  obtained  with  all  the  accuracy  desirable  without  the  ad 
tion  of  either  magnesium  or  manganese  sulphates.  The  resu 
are  shown  in  the  following  table.  The  reduction  was  assum 
to  be  to  Nb,0,. 

Amount  of 
Amount  of  acid  used.         Nb0P,2KFH,0. 

60  c.  c.  HCl  sp.  gr.  1*1 


40  c.  c. 

30  c.  c. 
60  c.  c. 


26  c.  c. 
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6165 
•4662 
•4932 
•6900 
•6661 
•6614 
•4926 
•6896 
•4982 
•4161 
•6291 
•5219 
•8122 
•4256 
•7152 
•4421 
•6162 
•3910 
L0592 
•8890 
•9274 
•6734 
•6861 
•6980 
•5828 
•7611 
•6530 
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1  hour 
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Percentage 
of  Nb,0». 

34-24 

35.21 

3558 

34-90 

34^50 

35-24 

34  01 

34-60 

34^27 

3413 

3356 

37-68 

38-41 

36-74 

37-65 

36-97 

37-54 

37-40 

3807 

37-56 

35-90 

38-58 

38-78 

38-30 

38-70 

37-68 

38-07 


In  the  above  analyses  the  fluorides 
were  dissolved  in  water  and  the 
acid  added.  In  the  following 
concentrated  acid  was  added  di- 
rectly to  the  ftuor\dea 


t< 


vv 


The  amount  oi  l!lb»0»  cottespo^^'m^  Vi  \Jcv^  Ti\^\»rai  \a.  '^^ 
NbOF,2KFUaO  ia 


39-03 


NkVSs. 
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The  foregoing  series  of  determinations  show  that  the  reduc- 
tion of  the  niobium  is  quite  constant  for  a  given  strength  of 
acid  depending  not  on  its  amount  but  on   its  strength.     The 
determinations  were  made  by  dissolving  NbOF,2KF  in  water 
and  adding  the  indicated  amount  of  acid.     The  first  eight  deter- 
minations,  where  50  c.  c.  of  dilute  acid  were  used,  give   an 
average  of  34*78.     With  40  c.  c.  the  same  amount  of  water  was 
used  to  dissolve  the  fluoride,  the  strength  was  consequently 
less  and  the  average  lower,  being  34'20.     With  30  c.  c.  33*56 
was  found.     When  concentrated  acid  was  used  the  amount  of 
water  required  to  dissolve  the  fluorides  was  small  in  compari- 
son with  the  amount  of  the  acid  in  solution,  so  that  the  amount 
of  water  used  exerted  but  little  influence  on  the  reduction, 
but  the  increased  strength  of  acid  raised  the  average  to  37*80. 
The  results  obtained  when  concentrated  acid  was  used  to  dis- 
solve the  fluoride  are  higher  still,  the  average  being  38*94. 
Thus  we  have 

For  30  c.  c.  HCl  sp.  gr.  I'l  33-56  per  cent  NbaO* 

40  c.  c.     "         "  34-20       *'  " 

50  c.  c.     "         "  34-78       " 

Concentrated  HCl  37-80      " 

Fluorides  dissolved  in  cone.  HCl  38*94      "  '' 

It  appears  therefore  that  the  amount  of  reduction  increases 
■^ith  the  concentration  of  the  acid.     The  formula  for  an  oxide 


rresponding  to  the  reduction  in  the  last  case  would  be  NbgOj,. 
^ff^arignac  sought  to  obtain  a  formula  for  this  oxide  in  the  same 
^ay  and  obtained  Nb.Oj.     This  is  very  nearly  equal  to  Nb^Oj, 
^^uce,  for  eight  atoms  of  niobium  there  would  be  thirteen  and 
^  third  atoms  of  oxygen  according  to  his  formula.     It  is  proba- 
ble that  neither  of  these  oxides  represents  the  oxide  formed, 
^ut  that  a  partial  reduction  has  taken  place  as  will  appear  from 
^fc^e  results  obtained  from  niobic  acid  in  the  following  manner. 
Ten  grams  of  NbOF,2KF  and  five  grams  of  TaF,2KF  were 
^ocurately  weighed  and  heated  with  sulphuric  acid  in  a  plati- 
num dish  till  all  the  hydrofluoric  acid  was  removed.     The  acid 
Solution  was  poured  into  water  and  precipitated  with  ammonia, 
'^^ashed  by  decantation  and  then  thoroughly  dried  at  100°  C. 
^^eighed  portions  were  then  ignited  and  the  total  amount  of 
^^ciixed  oxides  of  tantalum  and  niobium  determined.     The  per- 
^^ntage  of  niobic  oxide  in  these  mixed  oxides  was  calculated 
from  the  relative  amount  of  the  fluorides  of  each  metal  taken. 
I^  this  way  it  was  found  that  the  mixture  of  tantalic  and  niobic 
^id  precipitated  and  dried  at  100°  contained  47*36  per  cent  of 
•^f>tO,.     Weighed  portions  were  then  dissolved  in  as  small  an 
Amount  of  hydrofluoric  acid  as  possible  and  50  c.  c.  of  concen- 
^ted  acid  added  and  the  reduction  carried  on  at  a  temperature 
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of  about  80*^  C.  for  three  quarters  of  an  hour.     The  amoontB 
obtained  were  as  follows  : 

Am't  of  mixed  Amount  of 

oxides  taken.  Nbt0»  found. 

*6400  46-99 

•6652  NbaOft  present  47*45 

•7466  '^ y '  46-70 

•7663  47-36  per  cent.  46*64 

•8323  46-97 

In  the  above  determinations  tba  reduction  was  evidently  to 
NbgO..     Marignac  states  that  alkali  fluorides  impede  the  re* 
duction,  and  this  would  explain  why  the  reduction  in  the  fore- 
going determinations  was  complete  while  in  those  where  the 
potassium  fluoride  of  niobium  was  used  it  was  incomplete;  ai 
the  amount  of  alkali  fluoride  was  always  in  the  same  propo^ 
tion  to  the  amount  of  tantalum  and  niobium  constant  resolti 
might  be  expected,  but  it  is  remarkable  that  so  small  an  amoant 
of  alkali  fluoride  should  exert  so  great  an  influence  on  the  re> 
duction,  and  that  the  hydrofluoric  acid  added  to  dissolve  the 
niobic  acid  did  not  also  interfere  with   the  reduction.    Two 
analyses  were  made  in  order  to  throw  light  on  this  point  by  \ 
adding  weighed  amounts  of  potassium  fluoride  to  a  mixture  of  j 
tantalic  and  niobic  acids  free  from  fluorides  and   containing   \ 
45-99  per  cent  of  Nb.O,. 

Weight  of  Weight  Nb,0»  Nb,0» 

mixed  acids.  of  KF*.  found.  present 

5696  -0900  43-83  46*99 

5405  '3728  43*87 

From  this  it  would  appear  that  the  amouni  of  alkali  fluoride 
exerted  no  influence,  but  that  its  presence  did.     In  this  0880,.  , 
however,   the  reduction  is  proportionally  greater  than  when   ' 
NbOF,2KF  was  used. 

The  influence  of  titanium  was  next  studied.  Titanic  acid 
was  treated  exactly  as  the  niobic  acid  and  the  following  results 
were  obtained. 

TiOa  found  by 
redhction  and  titration.  Present 

20-38  20-36  20*48 

In  order  to  determine  whether  both  niobium  and  titaniam 
would  reduce  together  as  well  as  separately,  the  oxides  were 
mixed  together  and  the  niobium  determined  by  deducting &oa 
the  amount  of  permanganate  used  the  amount  necessary  to 
oxidize  all  the  reduced  titanium  and  calculating  the  niobiuo 
corresponding  to  the  balance.  In  this  way  I  obtained 
amounts  given  below. 


Mixture  of 

Titanic  acid 

Nb,0. 

Nb,0» 

three  acids. 

present. 

present 

foond. 

1-1798  gr. 

•Oftli^  ^. 

•^a^*^  ^\, 

•4907 

•8145 

•O^ftl 

••XiVX 

^^M^ 
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For  the  determination  of  titanium  in  the  presence  of  niobium 
Jie  method  proposed  by  A.  Weller  (Berichte,  xv,  1882,  2,  p. 
2592),  appeared  most  suitable.  It  depends  upon  a  comparison 
[)f  the  color  produced  by  hydrogen  dioxide  in  an  acid  solution 
of  titanic  acid,  with  the  color  of  a  solution  containing  a  known 
amount  of  titanium.  A.  Weller,  in  describing  his  method,  calls 
attention  to  its  applicability  to  the  determination  of  titanium 
in  the  presence  of  tantalum  and  niobium,  but  says  he  has  not 
tried  it  in  this  case.  I  therefore  undertook  to  determine  the 
best  manner  of  applying  it.  I  found  that  it  was  necessary  to 
use  hydrofluoric  or  hydrochloric  acid  in  order  to  keep  the  tan- 
ttlum  and  niobium  in  solution  when  sufficiently  diluted.  I 
Joand  that  the  first  of  these  acids  even  in  small  amounts  entirely 
prevented  the  formation  of  the  color  of  titanium  with  hydrogen 
dioxide  and  that  hydrochloric  acid  deepened  it  very  greatly  in 

C[>portion  to  the  amount  added.  It  is  necessary,  therefore,  to 
?e  the  solution  free  from  fluorides,  and  to  have  the  same 
amount  of  acid  in  the  standard  solution  as  in  the  solution  to  be 
analyzed.  It  is  very  difficult  to  obtain  these  conditions  and  I 
was  entirely  unsuccessful  in  my  attempts  to  determine  the 
amount  of  titanium  in  a  solution  containing  much  free  acid. 
I  succeeded  in  obtaining  quite  satisfactory  results,  however,  by 
precipitating  the  strongly  acid  solution  with  a  small  excess  of 
ammonia  and  then  redissolving  the  precipitate  with  as  little  sul- 
phuric acid  as  possible,  the  freshly  precipitated  niobic  and  tan- 
talic  acidi«  being  readily  soluble  in  dilute  acid. 

In  order  to  test  the  accuracy  of  this  method  a  mixture  of 
ttntalic,  niobic  and  titanic  acids  containing  a  known  amount  of 
each  acid  was- dissolved  in  hydrofluoric  acid  in  a  platinum 
'  diih  and  the  excess  of  acid  evaporated  off  on  the  water  bath. 
[  The  fluorides  thus  obtained  were  dissolved    in  concentrated 
'hydrochloric  acid  and  poured  into  a  glass  flask  of  about  100  c.  c. 
capacity,  the  platinum  dish  being  rinsed  out  with  concentrated 
Jijdrocbloric  acid.     The  solution  and  rinsings  amounted  to  50 
CL  c.     Amalgamated  zinc  was  then  added  and  a  piece  of  plati- 
num and  the  solution  allowed  to  reduce  in  a  stream  of  carbonic 
acid  for  three-quarters  of  an  hour  at  a  temperature  of  about 
80**  C.     During  this  process  the  greater  part  of  the  hydrofluoric 
acid  was  removed  from  the  solution,  going  off  as  silicon  fluoride. 
After  cooling  thoroughly  the  reduced  solution  was  poured  into 
ja  beaker  and  diluted  to  850  c  c.  with  distilled  water  freshly 
boiled  and  perfectly  cold.     A  standard  solution  of  potassium 

ermanganate  was  added  till  the  solution,  at  first  nearly  black, 
came  perfectly  clear  and  a  distinct  pink  color  was  produced 
by  the  addition  of  a  single  drop.  To  the  solution  containing 
tlhe  tantalum,  niol^ium  and  titanium,  ammonia  was  added  in 
•light  excess  and  then  salpburic  acid  till  the  pTecA^\\«A.^  ^xo- 
daced  by  the  ammonia  dissolved  entirely.     In  t\i\a  ^«k.^  vs.  ^o\a- 
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tion  was  obtained  containing  a  very  small  amount  of  free  acid 
and  practicall}'  free  from  fluorides.  This  solution  was  then 
diluted  to  500  c.  c,  and  50  c.  c.  brought  into  a  nesslerizingtube 
and  2  c.  c.  of  hydrogen  dioxide  added.  About  40  c.  c.  of 
water  was  added  to  another  tube  of  the  same  dimensions  and 
then  2  c.  c.  of  hydrogen  dioxide.  A  solution  of  titanic  acid, 
prepared  by  evaporating  potassium  titanium  fluoride  with  excess 
of  sulphuric  acia  and  diluting  with  water  until  1  c.  c.  equaled 
one  milligram  of  titanium  oxide,  was  then  run  in  until  the 
color  in  the  two  tubes  was  nearly  alike.  They  were  then 
brought  to  the  same  volume  and  the  standard  solution  of 
titanium  added  drop  by  drop  till  there  was  no  longer  any  dif- 
ference in  color  discernible.  The  number  of  cubic  centimeters 
of  the  standard  solution  multiplied  by  ten  gave  the  number  of 
milligrams  of  TiO,  in  the  solution  analyzed.  By  calculating 
the  amount  of  permanganate  solution  necessary  to  oxidize  the 
Ti,0,  formed  by  reduction  of  this  amount  of  TiO,  the  amount 
of  permanganate  employed  to  oxidize  the  niobium  was  found 
and  from  this  the  amount  of  niobium  calculated.  The  tanta- 
lum was  found  by  subtracting  the  sum  of  the  niobic  and  titanic 
oxides  from  the  sum  of  the  three  oxides.  In  this  way  the  fol- 
lowing amounts  of  each  were  found. 

Nba0»        TaaO,         TiOj 

Taken 3357  gr.       2246  gr.       -0687  gr. 

Found -3314  '*        -2289  •*        '0667  " 

It  is  necessary  that  during  the  reduction  the  heat  should  not 
be  too  great,  as  the  tantalic  acid  is  liable  to  precipitate  and  to 
carry  with  it  both  niobium  and  titanium  and  the  reduction  con- 
sequently will  be  incompleta  If  tantalum  is 'not  present  the 
solution  can  be  boiled  without  danger.  In  order  to  analyze  a 
mineral  containing  these  three  elements  the  mixed  oxides  can 
be  obtained  in  the  usual  manner  by  fusing  the  finely  ground 
mineral  with  bisulphate  of  potassium,  digesting  with  water, 
filtering,  heating  the  residue  with  ammonium  sulphide,  wash- 
ing to  remove  tin  and  tungsten  if  present,  treating  the  residue 
with  dilute  sulphuric  acid  to  remove  iron,  washing  and  igniting 
with  ammonium  carbonate.  After  obtaining  the  joint  weights 
of  the  oxides,  fuse  with  potassium  bisulphate,  digest  with  water, 
and  the  residue,  washed  free  from  sulphates,  dissolve  in  hot 
hydrofluoric  acid,  evaporate  nearly  dry  on  the  water  bath  and 
proceed  with  the  reduction  and  determination  as  just  described. 
An  analysis  of  Branchville  columbite  by  this  method,  gave  the 
following  results: 

Ta,05 18-95  19-44  Specific  gravity 

NbaOft 60*95  60-46  5*73 

FeO 12-86  12-95 

MnO 707  7-00  Oxygen  ratio 

1:103 
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Marignac  constructed  a  table  of  specific  gravities  of  colum- 
bite  which  showed  that  in  general  the  specific  gravity  increases 
with  the  amount  of  tantalum.  The  relations  which  he  found 
hold  good  for  this  analysis. 


Abt.  XLIV. — Noies  on  the  Surface  Geology  of  the  country  border- 
ing  tlie  Northern  Pacific  Railroad;  by  J.  S.  Newberry. 

From  Chicago  through  Wisconsin  and  Minnesota  the  Northern 
Pacific  Railroad  passes  over  an  almost  unbroken  sheet  of  drift, 
which,  though  of  great  interest,  has  been  so  fully  described  in 
the  able  reports  of  Messrs.  Chamberlin,  Winchell  and  Upham, 
that  nothing  further  need  be  said  herein  regard  to  it. 

Going  west  from  Dululh  to  Brainerd  the  line  of  the  road  for 
the  most  part  lies  in  what  is  evidently  the  old  deserted  bed  of 
a  westward  extension  of  Lake  Superior.  The  ground  is  still 
low  and  swampy  and  much  of  the  surface  is  formed  of  what  is 
nnmistakably  Jake  sand. 

At   various   points   farther   west   true  till  is  seen  with  its 
striated  pebbles ;  and  one  such  exposure  at  Audubon  is  within 
reach  of  every  traveler.     Beyond  this,  bowlders  scattered  over 
the  surface  and  pebbles  in   the  ditches  continue  as  evidence 
of  the  transport  of  material  from  the  eastern  highlands.     About 
Bismarck  the  bowlders  though  fewer  are  still  not  rare  and  are 
gathered  in  groups  and  trails,  as  elsewhere  along  the  margin  of 
the 'drift  area,  suggesting  transport  by  ice  floats.     The  last  of 
these  bowlders  is  seen  at  Sims,  about  twenty  miles  from  Bis- 
marck.    From  this  point  to  the  crossing  of  the  Little  Missouri 
one  can  hardly  find  a  stone  to  throw  at  a  bird  or  a  shrub  big 
enough  for  a  tooth  pick.     This  is  an  extension  northward  of 
that  broad  prairie  area  which  I  have  crossed  in  many  places 
farther  south.     Here,  between  the  eastern  drift  and  that  from 
the  Rocky  Mountains,  the  soil  is  formed  entirely  by  the  decom- 
position of  the  underljMng  rocks,  and  wherever  these  are  shales 
and  calcareous  sandstones,  as  they  are  throughout  most  of  the 
Cretaceous  formation,  there  are  no  outcrop|)ing  ledges  of  rock; 
the  country  is  smooth  and  stones  of  all  kinds  are  scarce.     This 
belt,  which   runs  from   the  Mexican   to  the  Canadian  line,  is 
prairie  because  of  the  dryness  of  the  climate  and  not  on  account 
of  the  soil  or  the  geological   substructure;    for  between    the 
"Cross  timbers  "  and  the  Raton  Mountains  with  a  considerable 
variety  of  geology  and  topography,   there  are  no  trees  except 
along  the  water  courses,  which,  fed  by  the  melting  of  the  snows 
on  the  Rocky  Mountains,  are  perennial  and  supply  constantly 
the  amount  of  moisture  that  is  a   necessity  lot  Uee  ^to^\\v. 
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The  peculiar  fineness  of  the  soil  of  the  northern  portion  of  this 
belt  has  been  supposed  to  have  something  to  do  with  the 
prevalence  of  grass  and  the  absence  of  trees,  since  in  Illinois 
and  Wisconsin,  along  the  border  line  between  the  forest  and  the 
prairie,  the  levels  where  the  soil  is  fine  are  grass-covered,  while 
the  swells  and  ridges,  rocky  or  gravelly,  carry  trees ;  but  as  I 
have  shown  elsewhere,  these  local  peculiarities  of  the  soil,  favor- 
ing, the  first  grass  and  the  second  trees,  have  to  some  extent 
caused  the  observed  interlocking  of  prairie  and  forest  Farther 
west,  with  every  kind  of  soil  and  geological  structure,  there  are 
no  trees,  but  everywhere  grass,  while  east  of  the  Mississippi  and 
beyond  the  battle  ground  between  the  two  forms  of  vegetation, 
all  kinds  of  topography,  soil  and  substructure  are  covered  with 
forest.  No  one  who  has  traversed  the  continent  along  several 
parallels  of  latitude  and  has  studied  the  relations  of  vegetation 
to  soil  and  geological  structure  will  fail  to  find  conclusive 
evidence  that  the  influence  which  has  determined  the  kind  and 
ouaiitity  of  vegetation  in  the  varied  topographic  and  climatic 
districts  of  the  west  is  the  rainfall. 

The  valley  of  the  Little  Missouri  is  deeply  cut  in  a  table  land 
composed  of  the  Laramie  coal-measures,  of  which  200  or  800 
feet  with  several  seams  of  coal  are  exposed  in  the  cliffs.  Thou- 
sands of  silicified  tree-trunks  are  scattered  over  the  surface  and 
innumerable  stumps  are  apparently  standing  where  they  grew, 
but  no  foreign  material  is  anywhere  visible.  A  few  miles  below 
the  railroad  crossing  the  valley  expands  and  opens  into  the 
famous  Mauvatses  TerreSy  or  "  Bad  lands  of  the  Missouri."  The 
course  of  that  stream  being  here  nearly  east  and  west  andtthe 
valleys  of  the  tributaries  north  and  south,  these  coalesce  and 
form  in  the  old  lake  bedrt  picturesque  but  dangerous  labyrinths. 

As  soon  as  one  enters  the  valley  of  the  Yellowstone  he  finds 
himself  surrounded  by  transported  material.  Giavel  and  bowl- 
ders of  crystalline,  sedimentary  and  volcanic  rocks  form  the  bed 
and  bars  of  the  river,  increasing  in  coarseness  and  quantity  to 
Livingston,  but  in  all  this  material  I  was  unable  to  find  any- 
thing that  was  to  me  even  presumably  of  eastern  origin. 

Dr.  C.  A.  White  (this  Journal,  vol.  xxv,  1883,  p.  206)  re- 
ports finding  what  he  considers  eastern  glacial  drift  along  the 
vhlley  of  the  Missouri  and  that  of  the  Yellowstone,  but  my 
search  for  such  material  was  vain.* 

The  geology  of  the  Yellowstone  Park  has  been  well  described 
by  Dr.  Hayden  and  his  assistants,  Mr.  W.  H.  Holmes  and  Mr. 
A.  C.  Peale,  but  I  was  surprised  to  find  the  traces  of  glacial 
action  so  widespread  and  unmistakable.      It  is  probably  not  too 

♦  As  will  be  seen  farther  on,  I  found  in  the  valley  of  the  Missouri  about  the 
falls  great  quantities  of  drift  with  bowlders  of  fossiliferous  limestone,  quartzite, 
gDe'iBS  and  granite,  all  remarkabVy  \\Vl^  t\\^  ^blS^t^  dnlt^but  which  I  subsequently 
traced  to  their  place  of  origiTi  m  t\ift  ^e>\X.  w\o\rQXa^?aA. 
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nach  to  say  that  every  valley  of  the  Park  was  once  filled  with 

ice;    for  moraines,  bowlders,  glacial   lakes,  and  more  rarely 

|lacial  striae  give  testimony  on   this  question  that  cannot  be 

lispated.    Ice-borne  blocks  are  seen  on  the  sides  of  the  Yellow- 

Bkone  valley  below  the  mouth  of  Gardner's  River,  and  south  of 

Mammoth  Hot  Springs  every  depression  has  once  held  a  glacier. 

Swan  Lake  is  of  glacial  origin  and  is  bounded  on  the  south  by 

a  terminal  moraine,  while  lateral  moraines  and  striated  rock 

sarfaces  mark  the  old  ice  level   high   up  on  the  sides  of   the 

vJley.     Near  Marshall's  the  road  leads  over  a  succession  of 

great  moraines  of  clay  and  bowlders  which  continue  to  and 

around  the  Fire  Hole  basin,  and  prove  that  this  also  was  once 

largely  filled  with  ice.     From  all  I  could  learn  the  evidences  of 

fflacial  action  which  are  found  here  in  the  lowest  portion  of  the 

Park  may  be  traced  through  all  parts  of  it.  , 

DBIPT   OF  THE    UPPEB   MISSOUBI. 

The  Missouri  River,  formed  at  Gallatin  City  by  the  union  of 
the  Madison,  the  Gallatin  and  the  Jefierson,  traverses  with  a 
northwest  and  then  northerly  course  the  valley  between  the 
Bocky  and  Belt  Mountains,  and  finds  its  way  out  to  the  plains 
by  a  Jong  circuit  around  the  northern  bases  of  the  Belt  and 
Crazy  Mountains,  eastern  outliers  of  the  Rocky  Moutitain  sys- 
tem. Cutting  through  barriers  formed  by  interlocking  spurs 
at  the  ''Gate  of  the  Mountains,"  the  river  enters  an  undulating 

£rairie  country  which  extends  from  the  north  side  of  the  Belt 
[ouDtains  to  and  beyond  the  Canadian  line.     All  this  region  is 
oocupied  by  a  sheet  of  drift  that  in  thickness  and  extent  rivals 
that  of  the  plains  surrounding  the  Canadian  highlands;  but,  as 
far  as  my  observation  extended,  I  found  this  of  local  origin. 
At  the  Great  Falls  of  the  Missouri  the  underlying  rock  is 
exposed,  but  the  drift-sheet  comes  up  to  the  edge  of  the  gorge 
and  forms  the  low   hills  which  stretch   away  to  the  east  and 
north  like  the  long  swells  of  the  ocean.     In  the  valleys  of  the 
streams  which  come  down  to  the  Missouri  from  the  Belt  Moun- 
tains, the  rock  substratum  is  generally  visible ;  but  the  interven- 
ing plateaus  are  covered  with  a  sheet  of  drift  that  varies  greatly 
in  thickness  as  it  is  spread  over  a  rock  surface  that  was  once 
deeply  and  irregularly  eroded.     For  example,  near  the  Upper 
Falls  of  the  Missouri,  where  the  banks  of  the  river  are  solid 
rock  and  perhaps  a  hundred  feet  high,  a  tributary  coming  in 
from  the  south  cuts  across  an  old  valley  filled  with  drift,  which 
extends  almost  to  the  present  river  channel.     At  its  mouth 
ihis  tributary  has  high  rocky  banks,  but  a  few  hundred  yards 
above  they  are  altogether  composed  of  drift.     This  is  a  true  till, 
thickly  stt  with  bowlders,  some  of  which  are  two  feet  or  more 
in  diameter. 
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The  bowlders  are  usually  rounded,  sometimes  subangular,  and 
are  composed  of  gray  or  red  granite,  quartzite,  Paleozoic  lime- 
stone  and  a  variety  of  eruptive  rocks.  The  resemblance  to  the 
drift  from  the  Canadian  highlands  is  so  great  that  I  was  only 
convinced  of  its  local  origin  when  I  found  all  of  its  constituents 
in  place  in  the  Belt  and  Rocky  Mountains.  The  granites  were 
to  my  eye  indistinguishable  from  those  of  the  eastern  Laurentian 
series.  As  I  subsequently  learned,  they  are  of  Archaean  age, 
and  nothing  but  careful  microscopic  examination  will  show 
them  to  be  distinguishable,  if  ihey  are  so. 

These  facts  lead  me  to  suspect  that  the  very  careful  and 
experienced  observers  who  have  reported  the  finding  of  eastern 
Laurentian  bowlders  on  the  flanks  of  the  Rocky  Mountains, 
4000  feet  above  the  sea  may  have  been  misled  by  this  striking 
resemblance. 

On  the  undulating  surface  of  the  table  lands  between  the 
tributaries  of  the  Missouri,  large  bowlders  are  occasionally  seen, 
as  in  the  States  bordering  the  Great  Lakes,  and  we  passed  one 
of  these  somewhat  angular  in  form  which  had  served  so  long  as 
a  rubbing-post  for  the  buffaloes,  recently  abundant  in  this 
region,  that  its  sides  are  all  polished,  and  a  deep  furrow  is  worn 
around  it  by  their  feet. 

THB   GORGE    OF  THE   COLUMBIA. 

The  gorge  of  the  Columbia  is  one  of  the  most  impressive 
and  interesting  topographical  features  in  all  the  picturesque 
West.  It  is  cut  with  a  nearly  straight  westerly  course  across 
the  whole  breadth  of  the  Cascaae  Mountains,  fifty  miles,  and  its 
banks  rise  from  2,000  to  4,000  feet  directly  from  the  river  side. 
Most  of  the  material  of  which  the  walls  are  composed  is  basalt 
This  can  be  seen  to  form  distinct  layers,  the  products  of  differ- 
ent overflows  from  the  great  volcanic  vents  north  and  south  of 
it.  Cape  Horn,  a  bold  headland,  shows  a  vertical  face  of  trap 
nearly  500  feet  in  height. 

No  one  who  examines  the  gorge  of  the  Columbia  will  fail  to 
be  convinced  that  it  has  been  cut  by  the  river.  The  general 
altitude  of  the  mountains  in  which  there  are  no  other  passes 
lower  than  about  5,000  feet,  as  well  as  the  altitude  of  the  lake 
deposits  on  the  eastern  side  indicate  that  the  work  of  cutting 
this  channel  began  at  a  height  not  less  than  3,000  feet  above 
the  sea.  At  this  time  the  river  must  have  had  a  fall  of  at  least 
this  number  of  feet  into  the  valley  of  the  Willamette;  and  to 
realize  the  conditions  then  existing,  we  must  picture  to  our- 
selves a  series  of  cascades  of  greater  magnitude  and  more 
picturesque  than  any  now  known.  This  water-power  was, 
however,  busily  engaged  in  cutting  down  the  barrier,  and 
in  process  of  time  it  was  so  completely  removed  that  a  nav- 
igable canal  was  opened  from  the  Dalles  to  the  ocean.    The 
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Western  entrance  to  the  gorge  is  now  at  tide-level  and  the 
ower  part  of  the  river  is,  like  the  Hudson,  an  arm  of  the  sea. 
[t  is  true  that  at  present  the  "Cascades  of  the  Columbia,"  form 
k  serious  interruption  to  the  navigation  of  the  river,  for  they  are 
produced  by  a  dam  sixty-three  feet  high,  which  fills  the  channel 
:or  three  miles.  But  this  dam  is  of  recent  date,  as  we  know, 
ind  has  been  caused  by  an  avalanche  from  the  sides  of  the 
;orge.  Above  it  the  river  is  simply  a  long  lake,  and  in  low 
water  a  series  of  stumps  are  seen  coming  op  from  below  the 
water-level  which  belonged  to  trees  that  could  never  have 
grown  in  the  places  they  occupy  if  the  barrier  of  the  Cascades 
bad  existed. 

Steamboats  navigate  the  Columbia  from  the  Dalles  down, 
with  a  transfer  at  the  Cascades,  and  this  is  much  the  better 
route  to  take  for  those  who  would  get  a  good  view  of  the  gorge 
with  its  imposing  walls,  its  hanging  forests  and  its  picturesque 
waterfalls  which  leap  1,000  feet  from  the  cliffs,  to  say  nothing 
of  the  old  Indian  burial  grove,  and  the  multitude  of  silicified 
tree  trunks  at  the  Cascades. 

The  railroad  is  built  along  the  face  of  the  southern  cliflF,  high 
above  the  water,  and  although  it  gives  only  a  one-sided  view 
of  the  gorge,  it  is  generally  chosen  by  travelers  who  prefer  rapid 
transit  to  beauty  of  scenery. 


ANCIENT   GLACIERS    OF   THB    CASCADE    MOUNTAINS. 

As  is  well  known,  the  Rocky  Mountains  from  New  Mexico  to 
British  Columbia  abound  in  evidences  of  ancient  glaciation. 
The  same  is  true  of  the  Uinta  Mountains,  the  Wasatch,  the 
Sierra  Nevada  and  Cascade  Mountains.  In  the  group  of  five 
snowy  peaks  called  in  Oregon  the  Three  Sisters — because  only 
three  are  visible  from  the  Willamette  valley,  miniature  glaciers 
were  found  by  our  party  in  1855  at  the  heads  of  McKenzie's 
Fork  and  one  of  the  tributaries  of  the  Des  Chutes,  and  on 
Mt  Shasta  and  Mt.  Rainier  are  many  true  glaciers,  of  which 
?ome  are  several  miles  in  length.  But  all  the  glaciers  and  snow- 
fields  now  existing  on  the  Cascade  Mountains  are  insignificant 
3om pared  with  those  of  the  Glacial  period.  Then  every  gorge 
was  filled  with  snow  and  ice,  the  broader  and  more  irregular 
summits  were  covered  with  glaciers  and  these  descended  far 
below  the  present  line  of  perpetual  snow.  Now  in  many  locali- 
ties and  over  many  square  miles  the  rock  surfaces  are  planed 
smooth  or  grooved  like  a  plowed  field,  and  every  projecting 
crest  of  volcanic  rock,  rough  and  ragged  as  it  was,  is  rounded 
over  and  worn  into  a  roche  moutonnee.  From  the  Three  Sisters 
glaciers  descend  into  the  valley  of  the  Willamette  on  the  west 
and  that  of  the  Des  Chutes  on  the  east,  and  I  traced  glacial 
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markings  from  the  snow  line  to  a  point  2,500  feet  lower,  where 
ihey  pass  under  the  alluvium  of  McKenzie'sFork.* 

It  has  been  claimed  by  Lecoq(Z/«5  Glaciers  et  les  Climati) 
and  following  him  by  Professor  Whitney  and  others  {Later  Cli- 
matic  ChangesY  that  the  great  development  of  glaciers  during 
the  Ice  Perioa,  such  as  those  of  the  Canadian  nighlands,  the 
Rocky  Mountains,  the  Cascades  and  Sierra  Nevada,  was  not  the 
eflfect  of  a  cold  but  a  warm  period,  which  increased  the  precipi- 
tation and  consequently  the  snow-fall  at  all  places  where  tne 
temperature  was  low  enough  to  cause  it  to  take  the  form  of 
snow.  If  this  was  all,  however,  the  most  extensive  glaciers 
should  be  in  the  Alpine  districts  of  the  tropics  or  temperate 
zones  wherever  the  precipitation  is  most  abundant  and  the  tem- 
perature low  enough  to  produce  perpetual  snow.  But  the  great 
glaciers  of  the  present  time  are  not  on  the  Andes,  the  Himafajas 
or  the  Alps,  but  on  Greenland  and  the  Antarctic  Continent 
where  the  climate  is  very  cold  and  the  amount  of  precipitation 
small. 

We  also  find  on  the  summits  of  the  Cascades  a  demonstration 
of  the  fallacy  of  this  view ;  since  here  some  of  the  mountains 
rise  14,000  feet  above  the  sea  and  the  line  of  perpetual  snow  is 
not  over  7,000  feet,  while  the  annual  precipitation  is  greater 
than  in  almost  any  other  portion  of  our  country.  In  fact  the 
snow  accumulates  in  such  quantity  that  even  in  mid-summer  it 
reaches  dovyn  to  where  it  is  met  and  opposed  by  a  vigorous 
forest  growth — the  product  of  a  high  temperature  It  is  evident 
that  no  elevation  of  temperature,  though  it  should  increase  the 
evaporation  on  the  Pacific  and  the  rain-fall  on  the  coast,  would 
cause  the  renewal  of  the  ancient  glaciers;  but  with  a  depression 
of  temperature  which  should  continue  the  present  winter  con- 
ditions through  the  year,  the  precipitation  remaining  the  same, 
the  accumulation  would  soon  cover  the  mountain  summits  with 
snow  and  ice  and  bring  the  glaciers  down  to  their  old  limits. 

THK   LOWEB   COLUMBIA. 

The  country  bordering  the  Lower  Columbia  is  too  well  known 
to  require  description.  I  am  impelled,  however,  to  refer  to  one 
or  two  points  in  its  physical  structure  which  are  of  special  in« 
terest  when  brought  into  connection  with  factsof  similar  import 
observed  in  ihe  region  about  Puget's  Sound.  I  have  said  that 
the  Lower  Columbia  is  an  arm  of  the  sea.  It  is  in  fact  a  deep 
river  valley  which  has  been  flooded  by  an  influx  of  the  sea 
caused  by  subsidence.  This  brings  tide-water  to  the  foot  of  the 
falls  of  the  Willamette  at  Oregon  City,  and  to  the  Cascades. 

It  requires  no  argument  to  prove  that  such  a  channel  could 
not  have  been  cut  unless  by  a  rapid  stream  flowing  into  the 

*  Pacific  Railroad  Report,  vol.  vi,  Part  II,  Geology,  p.  42. 
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)cean  when  it  stood  at  a  lower  level.  Whether  the  change  in 
he  relative  level  of  land  and  sea  here  remarked  was  part  of  a 
general  movement  which  produced  the  influx  of  the  sea  into 
he  fiords  which  fringe  the  northwest  coast;  and  whether  this 
B  not  a  part  of  a  still  grander  movement  that  flooded  the  old 
excavated  valleys  of  the  James  River,  the  Potomac,  the  Schuyl- 
cill,  the  Hudson,  the  St  Lawrence  and  the  Saguenay  and  at  the 
tame  time  filled  the  fiords  of  the  northeastern  coast,  are  ques- 
dons  which  cannot  now  be  fully  answered  but  are  worth  con- 
ndering. 

It  will  be  noticed  that  the  general  plan  of  the  topography  of 
this  part  of  the  coast  is  altogether  similar  to  that  of  Calimrnia  ; 
Darnel y,  the  great  wall  of  the  Cascades  bordered  on  the  east  by 
the  Willamette  and  Cowlitz  valleys,  and  the  Coast  Mountains 
edong  the  sea  shore,  are  reproduced  farther  south  by  the  Sierra 
liTevada,  the  great  California  valley  and  the  Coast  Ranges. 
And  these  features  are  not  only  physically  similar,  but  geologi- 
cally identical ;  the  Cascades  being  the  northern  continuation 
of  the  Sierra  Nevada,  the  more  modern  Coast  Mountains  being 
continuous,  the  great  trough  between  them  essentially  one,  but 
filled  at  its  center  by  a  mass  of  mountains. 

SITBFACB   GEOLOGY   OF   THE   PUGET's   SOUND   BASIN. 

The  name  Puget's  Sound  is  made  in  popular  use  to  cover  all 
the  peculiar  group  of  inlets  and  tideways  which  lie  .immediate- 
ly east  of  Vancouver's  Island, — Puget's  Sound  proper,  Admi- 
ralty Inlet,  Hood's  Canal,  etc.  These  occupv  the  northern  ex- 
tension of  the  great  Columbian  valley,  whict,  like  its  counter- 
part in  California,  lies  between  the  Coast  ranges  and  the  Cordil- 
leras. Farther  north  still  this  depression  is  deflected  toward 
the  northwest  by  a  change  in  the  trend  of  the  Cascade  Mountains 
and  the  representatives  of  the  coast  ranges  on  Vancouver's 
Island. 

In  Washington  Territory  the  Coast  Mountains  are  higher 
than  in  Oregon  and  have  received  the  local  name  of  the  Olym- 

?ian  range,  of  which  the  highest  summit  is  called  Mt.  Olympus, 
'his  range  terminates  somewhat  abruptly  but  is  apparently 
continued  in  the  mountains  of  Vancouver's  Island.  Through 
the  gap  between  these  and  the  Olympian,  range  a  deep  channel 
is  cut,  now  an  arm  of  the  sea,  called  the  Strait  of  Juan  de 
Fuca.  In  former  times,  when  this  portion  of  the  continent, 
and  probably  the  whole  northwest  coast,  stood  higher  above  the 
sea,  this  Strait  was  the  valley  of  a  great  river  which  drained 
most  of  the  western  slope  of  the  Cascades  in  Washington  Terri- 
tory, and  had  as  branches  the  Skagit,  Snoqualme,  Dwamish, 
Puyallup,  Nisqually  and  various  minor  streams.  During  the 
Ice  period  this  hydrographic  basin  was  filled  with  a  great  gla- 
cier made  up  of  contributions  from  all  the  surrounding  moun- 
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tains.  It  flowed  out  to  sea  by  the  Strait  of  Fuca,  but  this 
channel  was  far  too  narrow  for  it  and  it  spread  over  all  the 
southern  portion  of  V.nncouver*s  Island,  planing  off,  rounding 
over  or  deeply  scoring  the  rocks  in  its  passage.  As  the  glaciers 
retreated  they  left  behind  a  sheet  of  drift  several  hundred  feel 
in  thickness,  partly  water-worn  and  stratified,  partly  unstratified 
bowlder  clay  with  striated  pebbles,  of  which  the  surface  was 
nearly  level.  In  process  of  time  the  draining  streams  had  cut 
in  this  plain  a  series  of  valleys  all  tributary  tx)  one  which  led 
out  through  the  Strait  of  Fuca  to  the  ocean.  After  perhaps 
some  thousands  of  years,  during  which  the  excavation  of  these 
valleys  progressed,  a  subsidence  of  the  land  or  rise  of  the  ocean 
caused  tne  water  to  flow  in  and  occupy  the  main  valley  and  all 
its  tributaries  up  to  the  base  of  the  mountain  slopes. 

Such  in  few  words  is  the  history  of  the  formation  of  this 
remarkable  system  of  inlets.  They  are  simply  the  floode<l  val- 
leys of  a  great  river  and  of  the  branches  that  formerly  joined 
it  but  now  empty  into  the  extremities  of  the  finger-like  inlets 
that  have  partially  replaced  them. 

There  are  but  few  localities  in  Puget's  Sound  basin  where 
the  rocky  substratum  rises  so  as  to  be  visible* above  the  water 
level.  Along  the  northern  and  western  margin  on  Vancou- 
ver's, Sucia,  Orcas  and  Whidby  Islands,  and  at  Chuckernut's 
and  Sohome  the  rock  appears,  but  at  Tacoma,  Steilacoom,  Seattle, 
Port  Madison,  Port  Townsend,  and  it  may  be  said  generally 
about  the  Sound,  the  shores  are  steep  bluffs,  100  to  150  feet  in 
height  coniposed  of  drift  alona  From  the  cliffs  at  Port  Town- 
send  and  Tacoma,  I  took  sub-angular  scratched  and  ice- worn 
pebbles  as  characteristic  and  convincing  as  any  to  be  found  in 
the  bowlder  clays  of  the  eastern  States. 

The  subsidence  which  caused  the  sea  water  to  flow  into  the 
subaerially  excavated  valleys  of  Puget's  Sound  also  filled  the 
channel  of  the  Columbia,  the  Cascades  and  the  system  of  fiords, 
of   which   these  are  representatives,  that  fringe  the  northwest 
coast.     We   have  evidence,  too,  that  the  area  occupied  by  the 
sea  was  at  one  time  much  more  extensive  than  now,  for  all  the 
country  immediately  about   Puget's   Sound  is  marked  with  a 
series  of  marine  terraces  which  Mr.  Bailev  Willis,  who  studied 
them  carefully  when  connected  with  the  Transcontinental  Sur- 
vey under  Professor  Pumpelly,  tells  me  can  be  traced  to  a 
height  of  1600  feet  above  the  present  ocean  level.      These  ter- 
races are  conspicuous  on  the  low  divide  which  separates  the 
valley  of  the  Cowlitz  from  the  basin  of  Puget's  Sound ;  and 
here,  as  over  much  of  this  region,  the  ground  is  covered  with 
pebbles  and  water- worn  bowlders,  the  product  of  the  long  con- 
tinued dash  of  the  shore  waves  on  a  slope  composed  of  drift 
materials.     In  the  advance  and  recession  of  the  shore  line,  the 
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3r  materials  have  been  mostly  washed  away,  and  the  stony 
face  has  little  agricultural  value.  Fortunately  it  is  well 
tpted  to  the  growth  of  trees,  and  the  splendid  forest  which 
^ers  it  is  perhaps  an  equivalent  for  all  it  has  lost  The  facts 
•e  given  show  why  the  cultivation  of  the  soil  in  Washington 
rritory  is  limited  to  the  narrow  belt  of  modern  alluvium  along 
;  streams,  and  indicate  that  coal  mining,  the  fisheries  and  the 
nber  industry  must  be  in  the  future  as  they  now  are,  the 
St  important  sources  of  wealth. 

MODERN   6LACIBB8   OF  THB   SIEBBA. 

From  the  Willamette  Valley  and  Puget's  Sound  grand  views 
I  obtained  of  the  great  snow  peaks  of  the  Cascade  Mountains ; 
i  Three  Sisters,  Mt  Jefferson,  Mt.  Hood,  Mt  Adams,  Mt 

Helens,  Mt.  Tacoma  and  Mt.  Baker.  Of  these,  Mt  Hood  has 
altitude  of  11,225  feet,  Mt.  Adams  12,250,  and  Mt  Tacoma 
400.  In  Colorado  and  California  there  are  a  number  of 
nmits  of  equal  absolute  altitude,  but  they  have  nothing 
e  the  relief  above  their  surroundings  that  these  have ;  carry 

less  perpetual  snow,  and  in  every  way  are  less  impressive. 
Washington  Territory  the  line  of  perpetual  snow  on  the 
St  side  of  the  mountains  is  about  6500  feet ;  on  the  east  side, 
eral  hundred  feet  higher.  Mt.  Tacoma  carries  therefore 
)ut  8000  feet  of  snow.  Below  this  it  is  covered  with  a  dense 
est  As  none  of  its  foothills  rise  to  the  height  of  2000  feet 
)ve  the  sea  and  are  invisible  at  a  distance,  from  many  places 
)ut  the  Sound  practically  the  whole  of  the  mountain  is  seen 
3ne  view  ;  a  gigantic  cone,  14,000  feet  in  height,  apparently 
ng  directly  from  the  sea  level.  Mt  Shasta  has, the  same 
itude,  and  as  seen  from  Scott's  valley  is  wonderfully  impres- 
e,  but  it  is  situated  farther  inland  and  farther  south,  its  base 
higher  and  it  has  less  snow,  and  is  therefore  somewhat  less 
posing.  It  is  not  too  much  to  say  then,  that  no  other  moun- 
1  on  this  continent  and  none  in  Europe  rivals  Mt  Tacoma 
grandeur  and  beauty,  and  it  is  doubtful  whether  in  the 
rid  there  is  any  that  prc»duces  a  profounder  impression 
)n  the  beholder.  Mt  Hood,  as  seen  under  favorable  circum- 
nces  from  Fort  Vancouver,  especially  when  reflected  from 
I  lake-like  surface  of  the  Columbia,  is  as  beautiful  but  far 
3  grand. 

Though  appearing  in  the  distance  so  smooth  and  symmetrical, 
.  Tacoma  has  been  found  to  be  a  ragged  and  compound  mass 
isisting  of  three  conspicuous  summits  and  many  subordinate 
iks,  with  precipices  2000  to  3000  feet  in  height  and  deep 
•ges  which  make  the  ascent  difficult  and  even  dangerous. 
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It  has  been  ascended,  however,  several  times,  and  its  labyrinths 
sufficiently  explored  to  prove  that  it  carries  from  eight  to 
twelve  glaciers,  some  of  which  are  many  miles  in  length  and 
will  bear  comparison  with  those  of  the  Alps. 

Every  traveler  who  enters  Puget's  Sound  r^ion  from  the 
south  is  sure  to  be  struck  by  the  turbid  milky  appearance  of 
the  water  of  the  Cowlitz  Kiver  alon^  which  the  railroad  runa 
for  milea  This  character  it  shares  with  all  streams  that  draia 
glaciers,  and  which  has  caused  the  Swiss  mountaineers  to  give 
to  the  -waters  of  such  streams  the  name  of  Oktscher  MUch.  Its 
turbidity  is  due  to  the  sediment  produced  by  the  constant 
grinding  action  of  these  enormous  masses  of  moving  ice  set  with 
stones  upon  their  beds,  and  attests  the  sometimes  disputed 
efficiency  of  glaciers  as  eroding  agencies.  The  Puyallup,  White 
Biver,  and  otner  streams,  which  come  down  from  Mt  Taooma, 
are  alike  milky,  and  each  shows  that  one  or  more  glaciers  are 
oontinuallv  grinding  away  at  its  head.  On  the  contrary,  the 
streams  which  do  not  come  from  glaciers  and  are  supplied  by 
rain  only,  and  that  filter  through  the  decaying  veffetation  of 
the  dense  forests,  carry  very  little  sediment  and  that  chiefly 
carbonaceous  matter.  These  are  clear  but  brown,  and  the  coo- 
trast  which  the  water  of  such  streams  presents  to  that  of  the 
rivers  which  drain  the  glaciers  is  very  strikinpr  and  justifies 
the  names  borne  by  two  such  of  Black  and  White  Bivera 

It  has  been  contended  by  some  writers,  as  has  been  mentioned, 
that  the  extension  of  glaciers  in  former  times  was  due  simplj 
to  an  increase  in  the  amount  of  precipitated  moisture,  but  it  u 
easy  to  see  that  the  heavy  rain-fall  of  Washington  Territoiy 
might  be  increased  indefinitely  with  no  considerable  elongation 
of  the  glaciers.  But  even  with  the  rain-&ll  remaining  as  it  is, 
if  a  depression  of  temperature  should  take  place  carrying  the 
present  conditions  of  winter  through  the  year,  the  gl&ciers 
would  soon  creep  down  into  their  old  beds,  fill  all  the  valleys 
of  their  draining  streams  and  finally  coalesce  to  form  one  grand 
glacier  which  would  flow  out  through  the  Strait  of  Fuca  to 
the  ocean. 

Following  the  coast  northward  from  Puget's  Sound  we  find 
the  glaciers  coming  down  lower  and  lower  until  in  Alaska  thej 
reach  the  sea  level.  No  one  can  claim  that  this  is  because  the 
precipitation  is  greater  there,  since  observations  show  that  it  is 
not,  but  every  candid  man  will  acknowled^  that  it  is  becaose 
at  the  north"^  tbe  temperature  is  lower.  He  must  also  accept 
these  facts  as  a  demonstration  that  a  prime  factor  in  the  produc- 
tion ofthephenomaxa  of  the  Ice  Period  teas  a  secular  depression  of 
the  temiKratitr€. 
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Akt.  XLY. — Rainband  Spedrosoopy  ;  by  Louis  Bell. 

'  is  now  more  than  ten  years  since  Professor  Piazzi  Smyth 
ted  oat  that  the  absorption  bands  of  ac^aeoos  vapor  in  the 
*  spectrum  were  likely  to  be  of  considerable  service  in 
serology;  but  although  his  observations  were  evidently 
essful  and  have  been  often  repeated  with  equallv  good 
Its,  little  progress  has  been  Hiade  in  the  practical  appli*^ 
m  of  the  principle.  This  lack  of  results  appears  to  be 
to  two  causea  First,  as  the  method  seemed  to  offbr  an 
way  of  predicting  the  weather,  it  at  once  fell  into  the 
Is  ci  the  would-be  weatherwise  who  understood  it  very 
>rfeotly  and  were  thoroughly  incompetent  to  use  it.  The 
Bsefol  often  made  the  wildest  claims  for  it,  and  thoselese 
ful  or  fortunate  were  active  in  denunciations,  even  derid- 
it  as  ^an  optical  illusion  stren^hened  by  long  practice.*^ 
•ndly,  there  were  real  difficulties  in  the  way  of  its  applioa^ 
iMearly  all  observations  of  the  rainband  have  depended 
I  eye  estimations  of  its  intensity,  unsatisfactory  al  their 
and  doubly  so  when  com  plicated  bj  long  intervals,  clouds, 
widely  varying  conditions  of  illumination.  The  rainband 
small  object  in  the  instruments  generally  used  for  the  pur- 
,  and  it  is  no  easy  matter  to  compare  it  with  such  a  vague 
variable  thing  as  a  mental  scale  of  blacknesa  The  refer- 
to  the  Fraunhofer  lines  is  open  to  nearly  as  much  objec- 
since  their  apparent  intensity  is  liable  to  vary  with  the 
r,  width  of  slit  and  general  condition  of  the  spectroscope 
D  extent  which  renders  them  very  uncertain  standards  for 
itific  purposes. 

^  firsi  mentioned  cause  is  an  unfailing  concomitant  of 
y  discovery  that  smacks  of  popular  science ;  the  second  is 
onlv  to  the  nature  of  the  observation  itself  and  can  be 
>vea  with  comparative  ease.  The  object  of  this  paper  is 
all  attention  to  a  device  by  which  something  like  quanti- 
e  accuracy  can  be  secured  in  the  study  of  the  rainband, 
to  the  general  methods  which  appear  to  give  the  best  re- 
in this  investigation,  which,  it  is  to  be  hoped,  will  prove 
ermanent  service  to  meteorology. 

le  desideratum  is  evidently  a  definite  and  trustworthy 
I  of  variable  blackness,  extending  over  quite  a  wide  range, 
easily  comparable  to  the  rainband.  A  direct  photometric 
lure  of  the  intensity  of  the  absorption  bana  would  of 
3e  be  valuable,  but  is  an  observation  too  complicated  and 
ate  for  everyday  use.  The  measurement  could  be  made 
jver  by  using  a  standard  of  light  as  one  of  \.\v^  ^»\«^^»  ot 
ination  in  tbe  specfcro-photomeler  oi  Yiexox^X*  VJV^\^  ^"Cl- 
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wendung  des  Spectral-apparates  ")  or  some  modification,  like 
that  described  by  the  writer  (American  Chemical  Journal,  vii, 
No.  1).  The  ideal  scale  therefore  should  be  constructed  so 
that  the  absolute  intensity  of  its  various  readings  could  be 
found  by  the  above  or  some  other  method. 

Janssen  and  others  have  tried  various  rude  methods  of  esti- 
mation, but  the  only  scientific  instrument  for  measuring  ab* 
sorption  lines  yet  devised  is  that  due  to  Mr.  C.  S.  Cook,  and 
described  by  him  in  '^  Science,''  ii,  488.  His  plan  consists,  in 
brief,  of  forming  diffraction  fringes  in  the  field  by  a  silk  fiber 
placed  a  trifie  beyond  the  focus,  and  varying  their  intensity  by 
moving  the  fiber  to  or  from  the  focus  by  means  of  a  screw 
collar.  The  fringes  thus  produced  resemble  the  lines  of  the 
rainband  quite  closely,  ana  form  a  very  reliable  and  delicate 
scale.  Its  successful  use,  however,  requires  a  skilled  observer 
and  much  care,  and  its  indications  cannot  be  reduced  to  abso- 
lute measure  except  by  a  comparison  with  some  absorption 
line  which  can  in  turn  be  evaluated  with  a  spectro-photometer, 
itself  by  no  means  an  easy  matter.  While  tnis  metnod  is  very 
effective  in  measuring  the  individual  lines  of  the  rainband 
some  plan  for  measuring  the  band  as  a  whole  seemed  desirable, 
and,  after  some  casting  about,  the  writer  determined  to  give  a 
careful  trial  to  the  interference  bands  produced  in  the  spec- 
trum by  a  crystal  in  polarized  light  So  far  as  known,  this 
method  has  not  hitheirto  been  used.  ^ 

The  instrument  used  was  a  direct-vision  spectroscope  by 
Schmidt  of  Berlin,  which  gave  a  very  bright  spectrum  with 
moderate  dispersion  and  beautiful  definition.     Its  five  prisms 

Eolariaed  well  enough  to  make  it  a  very  efl&cient  analyzer.  A 
it  of  selenite  having  a  well  defined  natural  edge  was  then 
split  down  till  the  interference  bands  produced  by  it  were 
about  as  wide  as  the  maximum  rainband  as  seen  in  the  above 
instrument.  The  plate  thus  prepared  was  placed  immediately 
in  front  of  the  slit,  covering,  however,  only  half  the  field. 
The  usual  cap  of  the  spectroscope  was  removed,  and  replaced 
by  a  tube  graduated  to  five  degrees  and  carrying  a  9™°*  Nicol 
prism.  Thus  equipped,  a  long  series  of  preliminary  experi- 
ments were  made  to  settle  upon  the  best  method  of  observa- 
tion and  adjustment  of  instrument. 

Finally  the  following  plan  was  adopted.  The  thickness  of 
the  selenite  plate  was  so  adjusted  that  the  bands  appear  as  in 
fig.  1,  one  of  them  being  situated  about  the  average  width  of 
the  rainband  on  the  less  refrangible  side  of  D,  L  e.  in  the  red. 
Then  the  Nicol  prism  was  turned  till  the  interference  band  was 
of  the  same  intensity  as  the  rainband,  when  the  field  appeared 
of  the  same  brighlneaa  itom  xXi^  ic^^^vd^of  the  interference 
band  to  D.     In  this  mev\\odL  ol  o\i^^xN^v\wv\\»\^^\\fc'M^^^ 
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'  have  the  seleoite  plate  cover  the  entire  slit,  aa  the  field  is 
len  uniform  and  the  obtrusive  black  line  prodaoed  by  the 
Ige  of  the  plate  is  abaent. 

In  passing  it  mast  be  remarked  that  the  nomenclature  of  the 
mosphere  lines  is  in  a  state  of  confusion  thrice  confounded, 
acb  investigator  seems  to  have  numbered  or  lettered  them  to 
it  his  taste.  Onlj  two  telluric  groups  of  lines  have  designa- 
>ns  which  are  generally  received,  the  band  at  w.  1.  628  (a) 
id  that  at  w.  1.  578  (S).  In  this  state  of  affairs  the  writer 
3uld  suggest  that  for  sake  of  brevity  it  would  be  well  to 
ipiy  the  letter  /■  to  the  well  known  rainband  near  D,  reserving 


A  a.    B     c 

r 

F 

'i'lll 

1 

for  the  faint  hand  given  in  Angstrom's  chart  between  a  and 
,  and  using  Brewster's  lettering  for  the  more  refrangible  part 
the  spectrum.  Then  in  referring  to  the  individual  lines 
at  go  to  make  up  ;-  or  any  other  of  the  bands  it  would  be 
ell  to  simply  number  them  in  order  of  their  wave  length 
T"!,  ^2,  etc.     And  a  careful  map  of  x  's  badly  needed. 

After  being  arranged  as  above,  the  spectroscope  was  used 
instantly  for  six  months  with  complete  success.  The  place 
:  observation  was  Baltimore,  Md.,  a  location  well  calculated 
•  give  rainband  observations  a  severe  teat,  by  reason  of  a  cli- 
ate  more  than  usually  variable.  Having  arranged  a  satiafac- 
■ry  scale,  the  point  to  be  determined  was,  how  far  rainband 
ffiervationa  alone  are  to  be  trusted  as  prophetic  of  the  weather, 
id  how  they  should  be  taken  with  a  small  instrument  like  the 
le  used  in  order  to  secure  maximum  efEciency. 

As  to  the  first  point  the  annexed  chart  answers  the  question. 

n  observation  was  taken  at  8  A.  M.  and  another  at  2  p.  M., 
laally  in  the  western  sky.  No  other  instrument  was  used  lo 
mfirm  the  indications  of  the  apectroacope.  From  day  to  day 
e  instrument  was  now  and  then  readjusted  as  regards  slit, 
COS,  etc.,  and  there  was  no  difficulty  in  securing  identical 
ale  readings  after  such  readjustment.  The  m3ttum«n.t  ^Im- 
sd  too  welJf  BO  tb&t  the  interference  baui  coviVi.  \»  wv^^ei 
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luch  blacker  than  was  ever  necessary.  Consequently  a  small 
station  of  the  Nicol  would  duplicate  the  strongest  rainband 
nd  the  scale  was  somewhat  limited  in  extent  The  tube  car- 
7ing  the  Nicol  was  graduated  to  give  a  scale  of  about  eighteen 
rades  of  intensity,  but  for  the  above  reason  only  eight  could 
>e  used,  which  however  proved  sufficient  to  give  very  good 
esults.  The  rainfall  and  relative  humidity  for  the  period  cov- 
red  by  the  chart  were  obtained  from  the  Signal  service  sta- 
ion  at  Baltimore.  In  the  chart  the  upper  curve  gives  the 
variations  in  y  from  day  to  day,  the  arrows  being  placed  to 
ndicate  the  time  when  a  rain  began,  and  the  amount  of  rain- 
all  being  annexed.  The  dotted  curve  below  shows  the  per 
lents  of  relative  humidity  for  the  same  period.  During  the 
ime  represented  there  were  nineteen  rains,  of  which  number 
burteen  (78  per  cent)  were  distinctly  predicted  from  two  to 
hirty-six  hours  before  their  occurrence  by  an  increase  in  the 
ntensity  of  the  rainband.  On  grouping  the  rainfalls  in  the 
uise  of  a  continued  storm,  like  that  of  the  last  week  of  March, 
here  were  fourteen  rains,  of  which  thirteen  (93  per  cent)  were 
)redicted.  In  only  one  case  did  a  rain  come  entirely  without 
earning — the  shower  of  March  18,  which  drifted  up  suddenly 
between  observations.  In  one  or  two  other  cases  rain  fell 
ihortly  after  the  morning  observation ;  but  on  a  careful  review 
)f  the  observations,  it  appears  that  during  the  entire  six  months 
ibout  eighty  per  cent  of  the  rains  gave  fair  warning  through 
be  spectroscope.  This  is  a  very  satisfactory  degree  of  effi- 
jiency  for  a  small  instrument  It  will  be  noticed  that  in  the 
jhart  there  appears  no  very  obvious  connection  between  the 
itrength  of  the  rainband  and  the  amount  of  rain.  Now  and 
hen  there  is  a  rough  correspondence,  but  that  is  all.  A  good 
eason  for  this  is  found  in  the  fact  that  now  and  then  an  obser- 
vation would  be  taken  during  a  previously  predicted  storm 
.nd  thus  Y  would  be  abnormally  strong,  as  it  is  generally  dur- 
ng  a  rain.  The  curve  of  relative  humidity  corresponds  quite 
losely  with  the  rainband  curve,  though  in  general  its  maxima 
nd  minima  are  some  hours  later.  The  occasional  discrepan- 
ies  are  undoubtedly  due  to  the  fact  that  while  the  hygrometer 
ndicates  only  the  lowest  layer  of  aqueous  vapor,  the  spectro- 
cope  sums  up  everything  along  the  line  of  sight  and  thus 
ndicates  vapor  in  the  upper  strata  of  the  atmosphere  entirely 
tut  of  reach  of  the  hygrometer,  while  on  the  contrary  an  earth 
tratum  quite  dense  enough  to  aflFect  the  latter  instrument 
vould  be  frequently  too  slight  to  make  itself  apparent  as  a 
ainband,  particularly  in  a  small  instrument. 

In  this  integrating  power  of  the  spectroscope  lies  its  strength, 
ind  unfortunately  also  its  weakness  as  a  meteorological  instru- 
nenL     While  it  abows  with   considerable  accviT^^i'j  \Xi^  VoXaN. 


352  L.  Bell — Ran/nband  Speci/roacopy^ 

amount  of  aqueoas  vapor  in  the  entire  thickness  of -air  in  the 
direction  of  observation,  it  tells  nothing  of  its  distribution 
along  that  direction.  Thus  without  any  increase  in  the  rain- 
band  there  may  be  a  precipitation  of  rain  due  to  a  descending 
mass  of  vapor.  So  also  clouds  may  or  may  not  affect  the  rain- 
band,  though  as  a  rule  they  do.  The  amount  of  vapor  present 
is  often  quite  independent  of  the  amount  and  kind  of  visible 
clouds.  Now  and  then  the  spectroscope  will  show  dense  masses 
of  vapor  where  the  eye  can  detect  at  most  only  the  lightest 
cirri.  Again,  toward  the  end  of  a  storm  the  sky  may  fre- 
quently be  overcast  with  threatening  clouds  when  the  rainband 
clearly  shows  that  the  storm  is  over.  Indeed  the  close  of  a 
storm  is  indicated  quite  as  certainly  as  its  beginning,  and  in 
this  fact  lies  one  of  the  great  advantages  of  the  spectroscopic 
method.  A  typical  case  is  shown  in  the  storm  of  May  1st, 
when  the  hygrometer  reached  its  maximum  some  twelve  hours 
after  the  rainband  had  fallen  far  enough  to  indicate  the  cessa- 
tion of  rain. 

It  is  difficult,  if  not  impossible,  to  designate  the  intensity  of 
rainband  that  may  be  regarded  as  a  sure  precursor  of  a  storm. 
Certainly  no  general  rule  can  be  laid  down,  for  at  present  no 
two  scales  are  alike  and  each  locality  probably  has  its  own 
peculiarities.  For  the  instrument  used  bv  the  writer  in  Balti- 
more, a  rainband  corresponding  to  4  of  the  scale  generally 
meant  rain  within  twenty-four  hours.  With  the  limited  scale 
possessed  by  the  instrument  it  was  best  to  register  the  faint 
traces  of  a  rainband  as  0—  too  small  to  measure  easily,  al- 
though in  a  larger  spectroscope  one  might  venture  on  an  esti- 
mate. It  is  very  desirable  that  the  readings  of  intensity  should 
be  reduced  to  an  absolute  scale,  in  which  case  observations 
taken  at  all  points  would  be  comparable  and  might  lead  to  the 
discovery  of  the  laws  which  govern  the  distribution  of  aqueous 
vapor.  A  knowledge  of  these  could  hardly  fail  to  be  oi  great 
value  to  the  science  of  meteorology. 

With  the  polarization  scale  herein  described  it  is  quite  possi- 
ble to  determine  the  value  of  each  scale  division  in  per  cent  of 
light  absorbed,  by  a  careful  comparison  by  means  of  the 
spectro-photometer,  since  the  interference  bands  are  wide 
enough  to  be  easily  measured.  The  coefficients  of  absorption 
once  determined  it  would  be  possible  to  reduce  them  to  terms 
of  standard  column  of  aqueous  vapor,  and  then  the  problem 
would  be  well  in  hand  and  rainband  observations  would  mean 
something  more  than  mere  qualitative  estimation.  Until  these 
quantitative  measurements  are  generally  made,  the  spectro* 
scope  can  be  of  comparatively  small  service  except  as  an  aid 
to  the  prevision  of  local  storms. 

JFor  this  latter  purpose  *\\.  '\a  ci^TX.'^xx^^  ^'Ssr.'Cvs^  ^\A^VK^^Mftfl 
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junction  with  the  usual  meteorological  observations,  can 
fail  to  give  indications  of  real  value.  Alone  it  appears 
of  about  the  same  order  of  usefulness  as  the  barometer 
ind  unaided,  but  in  connection  with  other  instruments  it 
ly  deserves  to  be  generally  used,  and  ought  to  be  added 
equipment  of  meteorological  stations.  Its  cost  is  quite 
-an  instrument  like  the  writer's,  fitted  with  a  similar 
costing  not  more  than  $20.  In  practice  a  pile  of  glass 
is  cheaper  and  better  than  a  Nicol  prism,  since  it  polar- 
ss  perfectly  and  thus  allows  the  use  of  a  more  extended 

n  untrained  observer  begins  rainband  observations  he  is 
sure  to  be,  at  first,  disappointed  with  the  results.  He 
es  a  small  pocket  instrument  of  insufficient  dispersion 
>es  to  work  under  the  impression  that  a  daily  observation 
nable  him  to  predict  the  weather  for  the  next  twentv- 
Durs  or  more  with  almost  unerring  certainty.  Naturally 
Is,  and  the  more  thoroughly  he  has  believed  the  claims 
in  various  popular  articles  the  more  bitterly  he  abuses 
5thod.  And  very  absurd  claims  have  been  made  for  it. 
may  be  some  gifted  persons  to  whose  eyes  the  rainband 
>scope  becomes  an  oracle  to  reveal  the  meteorological 
,  discriminate  between  hail,  snow  and  rain,  designate 
nount  of  each,  predict  the  electric  potential  of  an  ap- 
ing cloud,  indicate  the  per  cent  of  ozone  (I)  in  the  atmo- 
,  and  in  general  answer  the  scientific  prayers  of  the 
suppliants.  But  the  writer  is  not  one  of  this  fortunate 
;r.  If  there  is  any  method  of  predicting  the  kind  of 
itation  which  is  to  occur,  or  of  discovering  the  afore- 
>ned  potential,  he  would  like  to  see  it  demonstrated  in 
and  white,  so  that  it  will  not  require  the  eye  of  faith  to 
ehend  it. 
rainband  spectroscope,  like  most  other  scientific  instra- 
is  capable  of  giving  good  results  in  competent  hands, 
lere  is  no  jugglery  about  it,  neither  is  it  the  universal 
t  of  meteorological  difficulties,  and  success  in  its  use  can 
^ined  only  by  frequent  and  careful  observations,  accom- 
if  possible  by  observations  with  other  instruments, 
practical  work  one  of  the  larger  pocket  spectroscopes 
I  oe  chosen,  giving  a  bright  well  defined  spectrum  with  a 
ate  amount  of  dispersion.  For  use  with  the  scale  de- 
\  the  dispersion  should  not  be  great  enough  to  resolve 
inband  into  distinct  lines,  but  should  show  it  simply  as  a 
)and,  so  that  it  will  be  comparable  to  the  interference 
If  the  individual  lines  are  to  be  studied  a  much  larger 
sion  is  needed — enough  to  divide  D  without  difficulty. 
istrument  should  be  used  with  a  ralViet  nwto'^  ^\\\»wA 
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should  be  focused  for  sharp  definition  of  D.;  f  will  then  ap- 
pear as  a  narrow  shading  along  the  red  edge  of  D  if  the 
weather  is  fine,  or  a  dark  stripe  if  it  is  rainy,  and  can  be  very 
easily  compared  with  the  scale. 

The  observations  should  be  taken  not  less  than  twice  a  day, 
one  of  them  being  as  late  in  the  afternoon  as  practicable,  since 
changes  are  so  apt  to  appear  about  sunset.  If  convenient,  ob- 
servations should  be  taken  at  various  altitudes.  For  a  single 
altitude  20°  is  perhaps  as  good  as  any.  As  to  the  (][uestion  of 
direction,  it  is  a  matter  to  oe  guided  by  local  conditions.  The 
illumination  should  be  as  good  as  can  be  attained  without 
looking  directly  at  or  near  the  sun,  and  a  quarter  of  the  sky 
should  be  chosen  where  this  condition  is  fulfilled.  Observa- 
tions in  all  directions  are  to  be  desired ;  but  if  only  one  is 
chosen  it  should  preferably  be  the  one  from  which  storma 
usually  come.  An  additional  observation  in  the  direction  of 
the  wind  is  likely  to  be  useful  Observe  systematically  the 
same  directions  and  altitudes.  Avoid  cumulus  clouds  when 
practicable,  as  they  are  likely  to  increase  the  rainband  without 
a  corresponding  probability  of  rain.  Employ  clear  skylight,  if 
possible  without  much  variation  of  direction  or  altitude. 

More  trust  is  to  be  put  in  a  sharp  rise  or  fall  of  rainband 
intensity  than  upon  absolute  intensity,  since  the  latter  is  likely 
to  average  differently  in  various  locations  and  be  subject  to 
various  modifying  factors,  while  the  former  in  nearly  every  case 
means  a  definite  change.  With  these  and  other  precautions 
which  will  suggest  themselves  to  individual  observers,  the 
rainband  spectroscope  is  capable  of  giving  very  good  results, 
and  the  field  of  investigation  is  a  decidedly  promising  one. 

For  the  convenience  of  those  interested  in  the  subject  a  brief 
bibliography  is  appended  comprising  the  more  important  pub- 
lications which  have  appeared  upon  the  subject.  A  few  of 
Ihem  refer  to  telluric  lines  in  general. 

Nature,  xii,  231,  252;  xiv,  9;  xvi,  389;  xxii,  194.     Piazzi  Smyth. 
Edinburgh  Astronomical  Observations,  xiy.    Smyth. 
Scottish  Meteorological  Soc.  Jour.,  N.  S.,  Nos.  61,  52.    Smyth. 
Madeira  Meteorologic.     Knowledge,  ii,  No.  48.    Smyth. 
Proc.  Roy.  Soc.  Edinburgh,  xii.     Mill. 
The  Rainband  (Hilger,  1883).     Mill 
The  Use  of  the  Spectroscope  in  Meteorology      U.  S. 
Signal  Service  Notes,  No.  iv,  1883.    Upton. 
Comptes  Reiidus,  Ixiii,  293,  xcv,  885.    Janssen. 
A  Plea  for  the  Rainband  (Browning,  1881)..    Capron. 
Science,  ii,  488.     Cook. 

Journal  de  Physique  (2°»«  ser.),  ii,  68,  iii,  109.    Comu.     iii.  5.    Tbollon. 
How  to  Foretell  the  Weather  with  the  Pocket  Spectroscope.      (Ohatto  and 
Windus,  1884.)    Cory. 
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AiBT.  XLVI. — A  new  Oenus  of  Chazy  Sponges^  StrephocheiiLS ; 

by  Professor  Henry  M.  Seely. 

The  Chazy  rocks  of  the  lake  towns  of  Addison  County, 
ITermont,  afford  a  fossil  form  which,  so  far  as  is  known  to  the 
Nrriter,  has  not  been  heretofore  described.  That  it  should  have 
>een  so  long  neglected  is  the  more  remarkable  since  it  is  an 
excellent  guide  to  some  layers  of  the  Chazy  when  other  well 
snown  fossils  are  obscure  or  wanting. 

The  nearest  approach  to  an  illustration  of  this  form  is  found 
n  the  Geology  of  Vermont,  vol.  i,  p.  277,  fig.  175,  where  Phy- 
opsis  tubulosum  is  figured.  In  the  text,  attention  is  called 
o  a  horizontal  section  of  the  stem  ;  and  the  concretionary  ar- 
tinffement  of  the  calcareous  matter  is  pointed  out  No  per- 
pendicular section  is  given. 

It  was  assumed  on  a  recent  examination  that  the  form  was 
)f  animal  origin  and  a  provisional  name  indicating  that  it  was 
i  Stromatopora  was  assigned  it.  A  more  extended  examination 
lowever  does  not  confirm  the  first  impression.  The  size  of  the 
)bject. favors  its  complete  inspection,  it  being  so  small  that  a 
lection  of  the  entire  fossil  cut  in  any  direction  can  be  placed  on 
i  slide  and  put  upon  the  stage  of  the  microscope. 

The  mass  is  seen  to  be  mostly  made  up  of  concentric  layers 
)f  material,  these  layers  being  apparently  composed  of  fine  wavy 
wining  threads  about  ^oho  ^^  ^^  ^"^^  ^^  diameter;  but  in 
lection  these  threads  are  seen  to  be  essentially  circular  tubes. 
The  more  exact  measurement  of  these  tubules  is,  according 
o  Dr.  M.  C.  White,  outside  measure  y^tt  inch,  the  inner 
liameter,  clear  space,  ^^Vv  inch.  The  outer  portions  of  the 
ayers  seem  more  compact,  and  on  weathering  the  fossil 
ssames  a  Stromatoporoid  appearance.  The  form  is  accom- 
)anied  by  grains  having  in  many  cases  a  concentric  structure, 
nd  these  are  apparently  oolitic ;  yet  with  these  are  mingled 
ninute  fragments  having  the  structure  of  the  larger  nematoid 
nass.  These  grains,  oolitic,  fragmental,  and  possibly  in  many 
ases  the  young  of  the  animal,  have  in  some  instances  pene- 
rated  the  larger  mass  and  partake  with  it  the  concentric  ar- 
angement 

In  seeking  the  relationship  of  this  fossil,  its  general  character 
hows  it  to  be  allied  to  the  sponges.  The  scanty  materials  at 
land  with  which  to  make  comparison  do  not  permit  me  to 
)ronounce  with  entire  confidence  as  to  its  very  nearest  allies. 

Sections  of  a  fossil  form,  described  by  S.  A.  Miller,  as  Stroma- 
ocerium  Richmondense^  Journal  of  the  Cincinnati  Society  of 
S'atural  History,  vol.  v,  April,  1882,  show  here  and  there^  but 
irely,  a  Btructare   which  is   probably  ideuUcaV,    ^\v^  w^h^Vj 
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named  Calciferous  fossil,  CryptozoSn  prolifemm,  figared  anil 
described  by  ProTeesor  James  Hall,  Thirty-sixth  Eeport  of  the 
Regents  of  the  New  York  State  University,  helps  to  detennioe 
the  relationship.  A  poriion  of  that  description  reads:  "The 
substance  between  the  conoentrio  lines,  in  well-preaerved  speci- 
mens, is  traversed  by  numerous  minute  irregular  oanaliculi 
which  branch  and  anastomose  without  regularity.  " 


h£^^  f^M 


Debobiptioh  op  FiauBBS. 

1  Slry  hoehelai  ocellatw  m  rock  natural  Bize. 

2  Tl  0  canal louU ted  Btnicture  of  the  fosMl.  enlarged  one  hundred  di 
3.  The  same— view  from   oear  the  center  of  the  field,  enlvged  ahout  tbiM 

huadred  and  fifty  diametera. 

The  sections  made,  and  those  viewed  from  the  cuttings  of 
others  from  what  is  supposed  to  bethisCryptozoSn,  do  notshoir 
the  described  structure  plainly  enough  to  permit  me  to  make 
satisfactory  comparison  with  the  Chazy  form.  The  structurs 
is  possibly  identical.     The  little  canals  which  ao  largely  make 
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up  this  little  eye-like  Chazy  fossil  go  twining  over  and  around 
each  other,  and  up  to  the  present  time  they  have  been  rarely 
observed  branching  and  never  anastomozing. 

This  fossil  does  not  seem  near  enough  any  already  recognized 
form  to  be  included  in  it  generically,  and  until  other  relation- 
ships are  found  it  may  properly  stand  by  itself  a  separate  genus. 

Strephochetua  (cftpiqfco  I  twine,  ox^ros  canal),  nov.  gen. 

A  free  calcareous  sponge  showing  in  structure  concentric 
layers  composed  of  minute  twining  canals. 

Strephochettis  aceUatus^  n.  sp. 

Type  of  genus.  A  compact  calcareous  sponge,  spherical 
or  slightly  flattened,  distinctly  concentric  in  character,  usually 
less  than  half  an. inch  in  diameter,  forming  when  in  masses,  a 
tough  limestone.  When  weathered  the  concentric  character  is 
Tery  evident,  the  fossil  then  looking  like  little  eyes  peering 
from  the  stone. 

These  forms  are  often  gathered  in  crowded  masses,  the  in- 
termediate spaces  being  filled'  with  fragments  of  the  fossil 
mingled  with  odlitic  grains.  More  rarely  they  appear  here  and 
there  in  a  mass  of  oolite. 

This  fossil  occurs  in  cchinection  with  well  recognized  Chazy 
forms  and  especially  with  Maclurea  magna.  It  is  found  in 
place  in  the  towns  of  Addison,  Bridport,  etc.,  in  Addison 
County,  Vermont,  and  in  bowlders  in  those  towns  as  well  as  at 
Crown  Point,  N.  Y. 

Middlebuiy  College. 


Art.  XLVII. —  William  B.  liogers's  Geology  of  the  Virginias* 
A  Beview ;  by  J.  L.  and  H.  D.  Campbell. 

Mrs.  Wm.  B.  Eogers  could  not  have  commemorated  the 
life  and  labors  of  her  distinguished  husband  in  a  more  fitting 
v^ay  than  she  has  done,  by  collecting  and  editing  his  reports 
and  other  valuable  papers  on  the  Geology  of  the  Virginias, 
'vrhich  form  a  neat  and  compact  volume  of  about  800  pages. 
The  geological  survey  of  Virginia  (at  that  time  including  West 
Virginia),  for  which  Prof.  Eogers,  with  a  competent  corps  of 
assistants,  was  employed,  was  never  fully  completed ;  and  yet 
enough  had  been  done  to  justify  his  beginning  work  on*  his 
final  report,  while  his  assistants  were  closing  up  some  remnants 

*  A  reprint  of  Annual  Reports  and  other  Papers,  on  the  Geology  of  the  Vir- 
ginias. By  the  late  William  Barton  Rogers,  LL.D.,  etc..  Director  of  the  Geolog- 
ical Survey  of  Virginia  from  1836  to  1841;  President  of  the  National  Academy 
of  Sciences.    New  York :  D.  Appleton  &  Co. 
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of  field  work  still  to  be  done.  In  the  last  annaal  report  which 
he  was  allowed  to  make  (December,  1841),  he  says:  ''Having 
brought  the  active  labors  of  the  survey  thus  near  their  comple- 
tion, I  am  now  entering  upon  the  task  of  preparing  the  final 
report.  Those  who,  like  tne  Board,  have  been  able  to  follow 
me  and  my  assistants  in  the  diversified  and  laborious  researches 
in  which  we  have  been  actively  engaged  for  nearly  six  years, 
and  who  reflect  upon  the  immense  extent  of  ground  over  which 
our  explorations  nave  been  carried,  the  largest  area  ever  sub- 
mitted to  systematic  geological  investigation  in  any  part  of  the 
world,  will  be  at  once  prepared  to  form  a  just  idea  of  the  num- 
ber and  extent  of  our  results,  and  of  the  magnitude  of  the  task 
of  producing  a  full  report  on  the  geology  of  tne  State.'*  (p.  543) 
The  Hon.  John  Rutherford,  at  that  time  president  of  the  BomxI 
of  Public  Works,  in  a  communication  to  the  Yii^ginia  L^gisla* 
ture,  says :  ^*  To  enable  him,  therefore,  to  present  such  a  report^ 
to  arrange  the  numerous  mineral  specimens,  and  to  prepare  ths 
necessary  drawings  and  maps.  Prof.  Rogers  recommends  that 
the  services  of  his  corps,  as  at  present  oi^anized,  be  ooniinued 
until  the  close  of  the  present  geological  year  in  April  next^  and 
that  an  additional  appropriation  of  $3,600  be  made  for.  th^  pa^ 
poses  above  mentioned. 

Notwithstanding  the  cogent  reasons  given  for  making  the 
needful  appropriation,  the  Legislature  of  a  great  and  then 
wealthy  Sute,  failed  to  grant  the  pitiful  sum  of  $3,500  asked 
for  in  order  to  complete  one  of  the  most  interesting  and  im« 
portant  geological  surveys  evbr  undertaken  on  the  contineDt 
Thus  it  happens  that  the  fruits  of  nearly  seven  years  of  labori- 
ous research  have  been  allowed  to  lie  hidden  from  the  public 
for  more  than  40  years — except  in  the  form  of  a  few  obscure 
pamphlets — until  within  the  last  few  months,  when  Mrs.  Sog- 
ers has  given  them  to  the  scientific  world  in  a  permanent  form. 
If  Prof.  Rogers  had  been  allowed  to  complete  his  work  and 
reduce  it  to  a  systematic  form,  it  would  have  been  more  satis- 
factory to  the  general  reader  than  it  is  as  now  presented;  and 
yet  the  volume  before  us  is  among  the  most  valuable  contribu- 
tions made  to  our  geological  literature  in  a  long  tima  It 
brings  before  the  public  for  the  first  time  a  comprehensive 
view  of  a  region,  to  which  we  wish  to  invite  the  attention  of 
our  fellow-laborers,  as  a  typical  field  for  geological  studies. 

With  this  end  in  view  we  propose  to  give  a  brief  synopsis  of 
what  the  field  geologist  will  find  here.  We  wish  to  show  that 
the  two  Virginias  embrace  within  their  extensive  area  illustra- 
tions of  every  geological  feature  of  the  American  continent, 
with  the  exceptions  of  the  great  "  lava-flows  "  and  the  volca- 
noes of  the  far  West,  and  the  modern  coral  reefs  of  tropical  seaa. 
The  excellent  map  and  sections  which  accompany  the  volume^ 
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trate  our  geology  \n  a  comprehensive  way,  and  will  be  a 

valuable  help  to  a  clear  comprehension  of  the  subject  be- 

us.    But  the  younger  field-workers  at  least,  some  of  whom 

»t1es3  desire  to  see  for  themselves  what  we  have  in  this 

and  varied  field  of  61,400  square  miles,  will  be  aided  in 

explorations  by  brief  sketches  of  some  characteristic  feat- 

of  our  several  geolo^cal  formations  and  a  statement  of 

ts  on  leading  routes  of  travel  at  which  observations  can  be 

eniently  made.     We  therefore  oflFer  a  general  view  of  each 

e  geological  formations  and  groups  found  in  the  Yii^inias, 

n  in  their  chronological  order,  which  is  not  done  in  the 

me ;  except  so  far  aa  relates  to  a  very  concise  view  given 

tie  several  subdivisions  of  the  Appalachian  range  in  the 

od  and  third  annual  reporta 

le  notation  by  numbers  from  I  to  XYI,  ^ven  by  Prof. 
2Z8|  will  be.  retained  in  our  present  discussioju  as  a  part  of 
listory  of  the  survey,  and  at  the  ^ame  time  we  shall  give 
nore  complete  and  generally  applicable  notation  of  rrof. 
Bk's  table,  which  ha^  be^n  practically  adopted  by  ProC 
&r3  in  the  last  chapter  of  the  volume,  page  717. 
may  be  well  to  state  in  this  connection  that  a  brief  sum- 
f  01  many  of  the  most  important  facts  given  below  will 
!ar  in  our  notes  on  Yirgiaia  prepared  for  a  forthcoming 
edition  of  Macfarlane's  geological  Railway  Guide. 
he  reader  of  PrbC  Rogers's  Reports  will  find  some  few  mis- 
s  and  inctmsistencies  which  no  doubt  would  have  beea 
Xited  had  he  lived  to  see  his  work  pass  through  the  press, 
we  must  remember  that  he  had  to  begin  on  a  very  wide 
unexplored  field,  that  he  was  laying  an  important  part  of 
foundation  of  our  grand  system  of  American  Geology,  the 
irstructure  of  which  has  been  in  process  of  erection  for  half 
3tury  and  more,  and  is  not  yet  completed.  In  this  prelim- 
f  work  it  is  astonishing  to  find  so  few  errors  in  the  pub- 
d  results  of  his  labors,  and  to  find  what  a  solid  basis  his 
essors  have  to  build  upon. 

rchoean  Group. — This  group  constitutes  the  country  rocks 
an  extensive  area  in  Virginia,  but  is  found  nowhere  in 
(t  Virginia  except  in  the  N.E.  corner  near  Ekrper*s  Ferry, 
hese  rocks  Prof.  Rogers  in  his  State  Reports  applies  the 
name,  ^* Primary;"  but  in  his  notes  for  Macfarlane  he 
)ts  the  term,  "Archaean."  His  map  shows  very  clearly 
outline  of  this  great  geological  belt,  extending  from  the 
)mac  to  the  line  of  Tennessea  Its  eastern  boundary  is  a 
3what  waving  line  extending  from  the  city  of  Alexandria 
southern  direction  through  the  cities  of  Fredericksburg, 
imond  and  Petersburg,  and  cutting  the  line  of  North  Caro- 
a  little  way  north  oi  Weldon.    From  that  point  its  south 
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border  is  the  Carolina  line  to  ita  western  limit  The  "back- 
bone" of  the  Bine  Ridge  marks  out,  with  a  few  limited  varia- 
tions, its  N.W.  border  from  the  Tennessee  line  to  Harper's 
Ferry  on  the  Potomac,  a  distance  of  about  340  miles.  The 
narrowest  part  of  the  area  thus  defined  borders  on  the  Potomac 
between  Alexandria  and  Harper's  Ferry — about  50  miles  by  a 
right  line.  About  one-third  of  this  distance,  however,  is  occu- 
pied  by  overlying  beds  of  Mesozoic  age,  to  be  noticed  hereafter 
m  connection  with  a  number  of  other  large  patches  of  the  same 
age  similarly  situated. 

In  his  State  Eeports,  Prof.  B.  makes  no  subdivisions  of  his 
"Primary''  formation,  except  of  a  very  general  lithological 
character ;  but  in  his  notes  for  Macfarlane  (note  6,  p.  722),  he 
indicates  four  subdivisions,  and  singularly  puts  their  notation 
in  the  order,  A,  D,  B,  C.  His  D,  which  he  calls,  "  Norian  or 
Upper  Laurentian,"  seems  to  appear  on  the  railroads,  according 
to  his  notes,  at  only  two  stations,  one  at  the  junction  of  the 
Chesapeake  &  Ohio  with  the  Virginia  Midland  Railway,  about 
one  mile  southwest  of  Charlottesville;  the  other  seven  miles 
farther  in  the  same  direction,  at  Ivy  station  on  the  Chesapeake 
&  Ohio  Eailway.  It  is  true  that  there  are  "four  rather  distinct 
groups  of  Archaean  rocks  found  in  Virginia,  viewed  lithologi* 
cally,"  but  we  regard  the  question,  as  to  whether  or  not  they 
belong  to  so  many  distinct  horizons,  not  sufBcientiy  settled  to 
justify  our  recognizing  more  than  the  two  general  divisions, 
Laurentian  and  Huronian,  la,  and  Ih. 

One  of  the  mistakes  alluded  to  above,  and  which  the  reader 
will  encounter  early  in  his  perusal  of  the  volume,  is  found  in 
two  places  in  the  Report  on  the  "  Geological  Reconnoissance" 
of  the  State.     On  page  27  he  says :  "  Observations  render  it 
doubtful  whether  in  the  Blue  Ridge  any  truly  primary  rocks 
occur."     Again  on  pp.  83,  84,  in  discussing  "the  region  west 
of  the   limestones  (below  Lynchburg),  as  far  as  the  western 
flank  of  the  Blue  Ridge"— that  along  his  profile  section  No.  I, 
which  crosses  the  southern  portion  of  Albemarle  and  northern 
corner  of  Nelson  county — he  comes  to  the  "conclusion,  that  by 
far  the  largest  portion  of  its  surface  is  occupied  by  rocks  which 
do  not  belong  to  the  primary  system,  while  they  have,  at  the 
same  time,  served  to  display  the  modifying  eflFects  of  igneous 
agents,  as  manifested  in  the  changed  structure  of  many  of  these 
rocks,  on  a  scale  of  wonderful  variety  and  extent.     Early  in 
the  present  report,  allusion  was  made  to  the  prevailing  errors 
on  the  subject  of  the  true  geological  character  of  this  region, 
inclusive  of  the  Blue  Ridge ;  and  enough  has  already  been 
stated,  in  regard  to  the  structure  of  the  region,  to  satisfy  the 
enlightened  geologist  of  the  entire  impropriety  of  the  designa- 
tion, primary,  wbicVi  \l  \i^a\iet^\ic>lot^\«5Lw^^        ^cwsric^^" 
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subsequent  Reports,  and  in  his  notes  on  the  geology  of 
Chesapeake  &  Ohio  and  Virginia  Midland  Railways  he  rec- 
ses  the  rocks  of  this  same  region  as  primary  or  ArohsBan. 
do  not  call  attention  to  this  change  of  view  for  the  purpose 
irowing  any  discredit  upon  the  author's  conclusions,  but 
»r  to  indicate  his  honesty  of  opinion  in  changing  where 
?quent  observations  pointed  out  his  error.  In  the  subse- 
t  Reports,  made  from  more  careful  and  detailed  explora- 
,  there  is  left  but  little  room  for  such  changes,  while  the 
ral  accuracy  of  his  conclusions  is  remarkable  for  that  early 
k1. 

of.  Rogers's  classification  of  the  primary  rocks  is  about  as 
iqX  as  any  that  has  yet  been  made,  but  the  territorial 
s  ^ven  to  these  general  classes,  or  rather  their  outcrop- 
3,  fall  far  short  of  covering  the  whole  area  occupied  by 
.  Still  he  is  correct  as  &r  as  he  goes  in  the  following 
rraphs ;  if  his  definitions  are  accepted. 
tranite  (la.) — An  unstratified  or  igneous  rock  generally 
1  inferior  to  or  associated  with  the  oldest  stratified  and 
morphic  rocks,  and  sometimes  penetrating  them  in  the 
of  veins^  and  of  dykes  or  walla  rising  in  the  midst  of  thenk 
A  true  unstratified  granite,  though  extensively  displayed 
me  parts  of  our  southern  district,  is  by  no  means  or  corn- 
occurrence.  As  an  example  of  it  I  would  cite  the  belt  of 
sh,  hard,  solid  rock,  extending  from  a  little  distance  east 
ittle  Falling  River  in  Campbell  county  (S.E.  corner),  with 
eadth  of  between  one  and  two  miles  across  Staunton 
r  in  the  neighborhood  of  Brookneal,"  (pp.  287-88).  Re- 
ig  to  exposures  of  gneiss  and  gneissoid  granite  near  Rich- 
i  and  Petersburg,  he  says :  **  We  observe  at  many  expos- 
veins  of  granite  and  syenite  penetrating  the  gneiss,  and 
me  instances  in  such  extent  as  to  present  large  protruding 
38,  or  broad  surfaces  of  the  granitic  and  syenitic  rocks 
e,  as  may  be  well  seen  at  several  points  along  the  James 
r  canal  (now.  the  Richmond  &  Allegany  railway),  and  per- 
still  more  readily  at  the  rugged  exposures  adjoining  the 
on  both  sides  of  the  Appomattox  at  Petersburg,'*  (p.  457.) 
hieiss  (la.) — A  stratified  rock  composed  of  the  same  ma- 
as  granite,  having  a  laminated  texture.  .  .  .  Gneiss  rocks 
1  extensive  use  as  building  material  in  nearly  all  of  the 
itic  states.  In  the  southern  districts  they  have  been  quar- 
below  Columbia  and  between  that  point  and  Lynchburg. 
A  wide  belt  of  micaceous  and  feldspathic  gneiss  traverses 
marie,  Nelson,  Amherst,  Bedford,  Franklin  and  Patrick 
ties,  presenting  frequent  beds  of  granite  and  syenite,  the 
more  largely  developed  in  proceeding  toward  the  south- 
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west."  (pp.  288-290).  "  Rocks  of  this  description  occupy  a 
large  portion  of  the  district  (northern).  Besides  being  met  with 
in  intermediate  lines,  they  are  largely  developed  in  two  exten- 
sive tracts,  one  of  which  stretches  in  the  form  of  a  belt  from 
the  eastern  flank  of  the  Blue  Ridge,  to  the  neighborhood  of 
Southwest  Mountain  in  Albemarle  county,  gradually  contract- 
ing in  width  in  its  prolongation  toward  the  northeast,  and 
finally  near  the  Potomac,  compressed  between  the  flank  of 
Sbori  Hill  and  a  line  some  distance  west  of  the  Kittoctin 
Mountains ;  the  other  forming  an  irregular  triangular  area,  hav- 
ing its  apex  a  little  west  of  Fredericksburg,  its  eastern  side  in 
nearly  a  meridional  direction,  coinciding  with  the  eastern  limit 
of  primary  rocks  along  the  head  of  tide,  and  its  western  side 
parallel  to  the  general  course  of  Southwest  Mountain,  and  termi- 
nating a  few  miles  west  of  Columbia.  .  .  .  Along  the  eastern 
margin  and  for  some  miles  westward,  the  variety  chiefly  met 
with  is  a  gray  rock,  consisting  of  quartz,  feldspar  and  black 
mica  with  occasional  spangles  of  white  mica,  and  scattered 
grains  of  hornblende.  It  is  of  an  even  texture,  readily  separ- 
ating into  large  slabs  and  blocks,  suitable  for  columns  and  other 
purposes.  ...  Of  this  variety  innumerable  exposures  are  pre- 
sented on  both  sides  of  the  James  river  in  and  above  Richmond, 
and  on  the  Appomattox  in  and  above  Petersburg,  and  a  simi- 
lar rock,  though  in  much  less  extent,  is  seen  on  the  Rappahan- 
nock above  Fredericksburg."  (pp.  455-456). 

"  Micaceous^  Talcose  and  Argillaceous  Slates  (16). — Westward 
of  the  triangular  district  of  gneiss  rocks  just  alluded  to  we 
find  a  broad  belt  of  more  slaty  rocks,  which,  according  to  the 
peculiar  ingredient  predominant  for  the  time,  are  either  of  the 
micaceous,  talcose  or  argillaceous  character.  This  belt  reaches 
nearly  to  tlie  eastern  flank  of  Southwest  Mountain,  in  Fluvanna, 
Albemarle  and  Orange  c6unties ;  and  farther  north,  though  in 
part  covered  by  the  middle  secondary  rocks  (Mesozoic),  there 
widely  expanded  over  the  corresponding  region,  is  still  trace- 
able in  considerable  width  east  of  that  formation  through  Fau- 
quier, Prince  William  and  Fairfax  counties,  as  well  as  in 
narrow  and  interrupted  tracts  along  the  base  of  Bull  Run  and 
Kittoctin  Mountains.  .  .  . 

**  Referring  however  merely  to  general  features,  the  mica- 
ceous composition,  thus  most  strikingly  exhibited  toward  the 
eastern  margin  of  the  slaty  belt,  is  seen  changing  as  we  pro- 
ceed west  into  one  in  which  talc  is  more  or  less  blended  with 
the  mica,  and  even  in  some  places  entirely  displaces  it,  .  .  . 

^*  Throughout  the  whole  of  this  belt  of  slaty  rocks,  veins  and 
beds  of  quartz  are  of  very  common  occurrence,  and,  in  the 
talcose  and  micaceous  slates  especially,  are  frequently  more  or 
less  auriferous.     In  fact  this  belt  includes  nearly  every  locality 
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n  the  northern  primary  district  in  which  mines  have  been 
>pened  for  extracting  gold,  or  in  which  the  metal  has  been 
ound  ;  and  it  may  be  added,  that  its  prolongation  south  of  the 
ames  River  embraces  the  gold  district  of  that  part  of  the 
Jtate."  (p.  459). 

The  gold  belt  of  Virginia  is  of  varying  width,  but  nowhere 
►robably  less  than  several  miles  wide.  It  extends  through  por- 
ions  of  the  counties  of  Spotsylvania,  Orange,  Louisa,  Fluvanna, 
roochland,  Buckingham  and  Appomattox,  in  all  of  which 
ounties  gold  has  been  mined  to  a  greater  or  less  extent  for 
oany  years — in  some  places  very  profitably. 

Associated  with  the  slaty  formations  of  this  region  is  a  re- 
Qarkable  belt  of  metamorphic  limestone.  It  is  comparatively 
larrow,  but  in  length  it  has  been  traced  almost  entirely  across 
he  State  in  a  northeast  and  southwest  direction.  It  is  crossed 
>y  the  Chesapeake  and  Ohio  Railway  near  Gordonsville,  while 
he  Richmond  and  Alleghany  Railway  follows  it  longitudi- 
lally  with  the  valley  of  the  James  from  near  Howardsville  in 
ilbemarle  county  to  the  great  bend  below  Lynchburg.  Our 
)resent  view  is  that  this  belt  and  the  slates  described  above  are 
Huronian  (16). 

To  those  geologists  who  may  wish  to  examine  in  person  the 
Archaean  group  so  widely  developed  in  Virginia,  we  would 
uggest  some  convenient  points  for  explorations  near  stations 
m  the  principal  railway  lines  in  this  portion  of  the  State — 
)eginning  in  the  northeastern  part  of  the  Archaean  belt 

(1.)  On  the  Washington  and  Ohio  Railroad,  near  Falls 
Church,  Vienna  and  Hunters,  and  between  these  stations,  may 
)e  found  exposures  of  some  prominent  members  of  the  group 
n  cats  and  along  the  margins  of  streams. 

(2.)  Near  the  Richmond,  Fredericksburg  and  Potomac  Rail- 
x)ad,  fine  exposures  of  the  gneisses  and  gneissoid  granites  are 
•eadily  found  in  the  quarries  along  the  Rappahannoc  above 
Fredericksburg ;  along  the  banks  of  the  James  at  and  above 
Richmond  ana  along  the  Appomattox  at  Petersburg. 

(3.)  At  Fairfax  on  the  Virginia  Midland  Railway ;  near 
Charlottesville  on  the  Rivanna  River,  and  along  the  river  cliflFs 
it  Lynchburg,  are  points  favorable  for  inspection. 

(4.)  Of  all  the  leading  routes  of  travel  in  Virginia  no  one 
ifforas  so  many  favorable  localities  as  the  Richmond  and  Alle- 
jhany  Railway  for  the  study  of  the  diflferent  formations  from 
he  lowest  beds  of  the  Archaean  up  to  the  top  of  the  Hamilton 
;roup  of  Devonian  age.  From  Richmond  to  Scottsville  this 
oad,  following  the  valley  of  the  James,  cuts  the  ledges  nearly 
.t  right  angles  to  their  strike.  For  several  miles  above  Rich- 
Qond  the  gneisses  and  granites  are  exposed  to  view  in  quarries 
md  cuts.     Then,  after  crossing  the  Richniond  coal-fields,  good 
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exposures  are  found  near  Goochland  C.  H.  of  beds  of  gneiss 
ana  slates;  and  at  Columbia  quarries  of  sneissoid  granites  are 
worked,  and  several  gold  mines  are  not  tar  north  of  the  same 
point.     Bremo  Bluff,  a  few  miles  farther  up  the  river,  presents 
some  good  points  in  the  great  gold-bearing  slate  belt     This  is 
the  best  point  of  departure  for  visiting  Buckingham,  one  of 
the  most  interesting  mineral  counties  in  the  State.      A  few 
miles  west  of  Scottsville  in  Albemarle  county,  the  line  enters 
the  limestone  belt  described   above,  and  changes   its  course 
toward  the  southwest.    The  river  has  cut  a  serpentine  chanDel 
of  considerable  depth  in  the  general  direction  of  the  strike  of 
this  belt  and  exposed  the  limestones  and  their  associated  rocks 
to  view  at  numerous  points  for  a  distance  of  about  fifty  miles. 
Among  these  points  we  may  mention  the  vicinities  of  New 
Market,  Gladstone,  Walker's  Ford  and  Stapleton. 

The  Richmond  and  Alleghany  Railway  from  Lynchburg  to 
Rope  Ferry  bridge  cuts  the  Archaean  beds  nearly  at  right  angles 
to  their  strike,  and  affords  well  defined  exposures  at  or  near 
every  station.  About  a  mile  and  a  half  below  the  bridge  on 
the  north  side  of  the  river,  the  contact  of  the  Archaean  rocks 
(la)  with  a  trough  of  Cambrian  age  overlying  them  may  be 
readily  observed., 

The  Norfolk  and  Western  and  the  Richmond  and  Danville 
railroads  both  afford  some  favorable  points  for  observation  in 
this  ancient  group  ;  especially  near  Burkesville  at  the  intersec- 
tion of  these  lines,  and  at  Lynchburg  and  Liberty  on  the 
former,  and  near  Amelia  C.  H.,  Boston  and  Danville  on  the 
latter  line. 

Cambrian,  Primordial  fNo,  I,  Rogers),  or  Potsdam,  2a,  J.— 
Virginia  affords  rare  facilities  for  studying  this  group,  except 
the  Acadian  epoch,  2a,  the  existence  of  which  along  this  por- 
tion of  the  Blue  Ridge  range  has  not  been  ascertained  with 
any  certainty.  If  it  be  here  it  is  not  characterized  by  fossil 
remains.  Professor  Rogers  thus  describes  the  rocks  of  this 
group  :  "The  rock,  or  group  of  rocks,  which  is  freauently  ex- 
hibited in  extensive  exposures  along  the  western  side  and  base 
of  the  Blue  Ridge,  more  especially  in  the  middle  counties  of 
the  valley,  is  usually  a  compact,  rather  fine-grained,  white  or 
yellowish  gray  sandstone,  where  resting  on  the  declivity  of  the 
ridge,  it  presents  a  gentle  inclination  to  the  northwest — while 
the  subjacent  and  more  ancient  strata  of  the  ridge,  in  almost 
every  instance,  dip  steeply  to  the  southeast.  In  Jrage,  Rock- 
ingham, Augusta,  Rockbridge  (and  Botetourt)  counties  this 
group  forms  the  irregular  and  broken  range  of  hills  lying  im- 
mediately at  the  foot  of  the  main  Blue  Ridge,  and  sometimes 
attaining  an  altitude  little  inferior  to  that  of  the  main  mountain. 
A  level  region,  sometimes  of  considerable  breadth,  and  strewed 
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sely  with  fragments  of  this  rock,  in  general  intervenes  be- 

the  rugged  hills  and  the  first  exposures  of  the  valley 
x>ne&  ....  In  ntiany  instances  two,  sometimes  three, 
3  of  hills  are  interposed  between  the  limestones  and  what 
}e  considered  the  termination  of  the  rocks  of  the  Blue 
!."  Of  the  higher  beds  of  these  sandstones — the  more 
^siliceous — he  says:  ^*In  nearly  all  the  exposures  from 
ny  Falls  (in  Rockbridge  county)  to  Thornton's  Gap  (in 
county)  as  well  as  at  various  other  places  it  exhibits 
!  fucoidal  and  zoophytio  impressions  on  the  surfaces  of 
ng,  together  with  innumerable  markings  at  right-angles 

stratification,  penetrating  in  straight  lines  to  great  depths 
3  rock,  and  from  their  frequency  and  parallelism  deter- 
g  its  cleavage  in  nearly  vertical  planes.     These  markings 

a  flattened  cylindrical  form,  from  |^th  to  -j^th  of  an  inch 
,  giving  the  surface  of  the  fractured  rock  a  ribbed  appear- 
and resembling  perforations  made  in  sand  which  have 
subsequently  filled  up,  without  destroying  the  distinct- 
)f  the  original  impressions"  (pp.  167,  168).  This  is  his 
nt  of  the  iScoliikus  linearis, 

X  Harper's  Ferry  and  for  some  distance  south,  where  the 
i  character  of  the  sandstones  and  slates  of  this  formation 
rs  it  occasionally  difficult  to  recognize  the  true  dip,  and 
to  identify  the  rock  itself,  an  eastern  declination  is  almost 
mly  observed,  the  slates  forming  a  portion  of  the  bed  of 
lenandoah,  dipping  beneath  the  sandstone  which  rises  in 
;liffs  along  iis  eastern  margin,  while  the  limestone  of  for- 
Q  II  (3a,  6),  dips  in  the  same  direction  beneath  the  slate, 
pointing  to  an  inversion  extending  entirely  through  for- 
n  I,  and  even  affecting  to  a  ^reat  distance  the  rocks  of 
lion  II  ...  .  At  Balcony  Falls,  where  the  western  dips 
eserved  throughout  a  large  part  of  the  thickness  of  this 
tion,  the  most  favorable  opportunities  are  presented  for 
ng  the  composition  and  marking  the    arrangement    of 

rocks.  The  formation  here  rests  upon  igneous  rocks, 
7  of  the  syenitic  character,  which  in  this  place  form  the 
axis  of  the  Blue  Bidge.  These  are  well  seen  in  traveling 
the  tow  path  of  the  canal  (now  the  B.  &  A.  Bailway)  which 
s  the  course  of  the  river  through  the  wild  and  beautiful 
by  which  it  makes  its  way  from  the  valley  eastward.  As 
>proach  the  western  termination  of  the  pass,  we  mark 
mmenceinent  of  the  rocks  of  formation  I,  which  are  seen 
B  side  of  the  canal  (railroad)  lying  on  the  syenitic  mass 
I  northwest  dip.  The  lowest  stratum,  or  that  in  contact 
the  syenite,  is  a  brownish  decomposing  slate,  evidently 
altered  by  its  proximity  to  the  igneous  rock  beneath  ; 
is  grayish  and  reddish  sandstone ;  then  a  slate  similar  to 
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the  former,  then  a  repetition  of  the  sandstone,  again  a  slate, 
and  at  the  termination  of  the  gap  heavy  beds  of  massive 
white  sandstone,  such  as  constitute  the  type  of  this  forma- 
tion. The  average  dip  of  the  latter,  as  presented  in  the  impos- 
ing cliffs  which  guard  the  entrance  to  the  pass,  is  55°  N.W." 
(p.  205).  The  above  account  given  by  Prof.  Rogers  does  not 
coincide  entirely  with  the  geology  of  this  same  mountain  gorge, 
as  presented  in  a  pap®^  published  in  this  Journal,  vol.  xxix, 
June,  1886.  The  difference  however,  so  far  as  regards  the  por- 
tion west  of  the  axis  of  the  Blue  Eidge,  is  not  in  the  general  feat- 
ures but  simply  in  the  more  cfetoifed  account  given  in  the  Journal. 
But  as  to  what  is  east  of  the  axis  the  case  is  quite  different  We 
have  fully  ascertained  as  a  settled  fact  that  the  beds  of  sand- 
stones, conglomerates  and  slates  for  fully  two  miles  east  of  the 
main  mountain  are  of  Cambrian  age,  forming  a  comparatively 
shallow  syncline  resting  on  ArchsBan  rocks  which  are  exposed 
along  both  of  its  margins,  as  shown  in  the  paper  referred  to 
above.  We  have  recently  ascertained  that  this  area  cut  off 
from  the  principal  mass  of  the  Cambrian  beds,  and  thrown  over 
to  the  eastern  base  of  the  mountain,  extends  at  least  ten  miles 
northeast  of  James  river  towards  the  head  waters  of  Pedlar 
river  in  Amherst  county. 

Some  months  before  this  volume  of  Rogers's  Reports  came 
into  our  hands,  we  examined  another  area  on  the  east  side  of 
Blue  Ridge  at  Tye  River  Gap  in  Nelson  county,  which  is  cov- 
ered with  alternating  beds  of  conglomerates,  slates  and  sand- 
stones, considerably  metamorphosed  but  bearing  a  striking  re- 
semblance to  the  lower  Cambrian  beds  east  of  the  mountain  at 
Balcony  Falls,  which  we  suspected  were  of  the  same  age.    The 
only  circumstance  militating  against  that  conclusion,  was  the 
absence  of  Scolithus  borings  in  the  sandstones.     But  this  may 
be  accounted  for  by  the  fact  that  these  remains  are  rarely  if  ever 
found  in  the  lowest  beds  in  this  region,  and  the  additional  fact 
that  higher  beds  seem  to  have  been  swept  away.     More  ex- 
tended and  minute  research  in  this  region   may,   however,  yet 
prove  the  presence  of  Scolithus  borings.     In  describing  a  sec- 
tion of  rocks  cropping  out  at  Tye  river  Gap,  Prof.  Rogers  says: 
**  There  are  also  noticed  two  bands  of  sandstone  and  slate.     That 
on  the  western  side  occurs  about  one  mile  below  the  summit, 
is  about  200  yards  in  width,  and  consists  of   gray   and  red- 
dish  slates,   sometimes   micaceous,    with  associated   layers  of 
sandstone,  conglomerate,  greenstone  and  greenstone  slate.    The 
greenstone  is  sometimes  amygdaloidal. 

These  layers  are  horizontal,  and  with  a  moderate  dip  to  the 
S.E.  The  other  band  occurs  about  ^  mile  below  the  summit 
on  the  east  side,  and  presents  repeated  alternations  of  red  and 
gray  slates,   white  sandstones  and  conglomerates.    They  are 
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nearly  vertical  with  a  high  dip  to  the  S.E.,  and  in  width  ex- 
tend half  a  mile  "  (p.  313). 

The  foregoing  would  serve  well  as  an  accurate  description  of 
the  lower  beds  of  Cambrian  age  at  several  points  we  have  ob- 
served along  the  Blue  Ridge,  with  perhaps  the  exception  of  the 
amygdaloidal  greenstone ;  but  these  beds,  at  least  those  on  the 
east  side  of  the  mountain,  are  nowhere  in  the  Reports  referred 
to  his  formation  I.  Though  on  section  No.  9,  accompanying 
the  published  volume,  we  are  pleased  to  find  our  suspicions 
verified,  so  far  as  the  coloring  of  the  section  indicates  Prof. 
Rogers's  conclusions — arrived  at  no  doubt  from  his  latest  re- 
vision of  his  earlier  work.  There  is  at  least  a  probability  of 
other  portions  of  the  eastern  margin  of  the  Cambrian  rocks  be- 
ing cut  off  from  their  main  mass  by  the  elevation  of  the  core 
of  the  Blue  Ridge.  At  any  rate,  enough  has  been  definitely 
determined  to  prove  that  the  axis  of  this  mountain  does  not 
everywhere  mark  out  the  eastern  coast  line  of  the  great  Paleozoic 
ocean,  and  that  it  will  be  worth  our  while  to  search  for  shore 
marks  farther  east  than  has  been  our  custom  heretofore. 

Points  convenient  for  studying  the  Cambrian  group  in  Vir- 
ginia have  been  incidentally  mentioned  already,  and  nothing 
more  is  called  for  under  this  head  than  a  summing  up  of  such 
localities  as  are  readily  accessible  from  railway  stations.  At 
Harper's  Ferry,  Prof.  Rogers's  section  No.  I  appears  to  make  the 
main  mountain  and  the  Short  Hill  some  distance  east  of  it, 
both  Cambrian,  with  an  uplift  of  Archssan  beds  between 
them.  In  his  notes  in  Macfarlane's  Guide  he  calls  the  rocks 
here,  *'  Altered  Cambrian  26,  or  Archaean  B,  followed  west  by 
Cambrian  26,  3a."  Prof.  Fontaine,  in  his  notes  for  Macfarlane 
>n  the  Baltimore  &  Ohio  railroad,  says :  *'  The  gorge  at  Har- 
per's Ferry  is  cut  through  metamorphic  rocks,  of  probably 
Uuronian  age.  One-and-a-half  miles  west  of  the  station,  a  fault 
Drings  down  the  Potsdam  and  Calciferous  rocks  against  the 
Azoic."  This  is  an  interesting  point,  and  worthy  of  further  in- 
vestigation. It  seems  to  present  another  example  of  a  belt  of 
Cambrian  rocks  thrown  to  the  eastern  side  of  the  Blue  Ridge 
ixis.  We  have  not  studied  this  portion  of  the  formation  with 
mfl&cient  care  to  form  a  definite  opinion  of  its  peculiarities  of 
structure. 

The  Manassas  Gap  railroad  cuts  the  beds  of  this  age  between 
Happy  Creek  and  Front  Royal.  The  same  formation  is  again 
weW  exposed  at  Thornton's  Gap,  a  few  miles  east  of  Luray  on 
the  Shenandoah  Valley  railroad.  There  are  numerous  points 
5n  the  same  line  from  which  good  exposures  of  2a,  6,  may  be 
conveniently  reached,  as  the  road  skirts  the  margin  of  the 
formation  from  Front  Royal  to  Roanoke,  a  distance  of  177 
miles.     Such  points  asMilnes,  Crimora  (near   Turk's  Gap), 
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Waynesboro,  Vesuvius,  Loch  Laird  and  Buchanan,  are  worthy 
of  note.  Then  Balcony  Falls,  already  mentioned,  and  Buford's 
on  the  Norfolk  &  Western  railway  in  Bedford  county. 

Valley  Limestones — No.  II  {Canadian,  Sa,  6,  c). — Under 
this  division  Prof.  Rogers  in  his  State  Reports  embraces  what 
is  now  recognized  as  the  Canadian  group  (3a,  6,  c),  and  the 
Trenton  Limestone  (4a).     But  in  his  notes,  prepared  for  Mac- 
farlane^s  Guide,  he  gives  the  latter  its  true  place.     We  know  of 
no  region  in  this  country  which  offers  a  more  extensive  or  bet- 
ter defined  display  of  this  important  geological  group  than  the 
"Great  Valley  of  Virginia."     This  valley  occupies  a  belt  ex- 
tending from  the  Potomac  on  the  N.E.  to  the  line  of  Tennessee 
on  the  S.W.,  a  distance  of  about  840  miles,   with  a  breadth 
varying  from  15  to  25  miles,  giving  an  area  not  much  if  any 
less  than  6,000  square  miles.     We  here  quote  Prof.  Rogers. 
"  The  extensive  zone  comprehended  under  this  title  embraces 
all  that  portion  of  the  State  having  for  its  eastern  boundary  the 
western  slope  of  the  Blue  Ridge  and  its  infiecte;^  continuation 
the  Poplar  Camp  and  Iron  Mountains,  and  for  its  western,  the 
Little  North,   and  a  portion  of  Big  North  Mountain,  with  the 
southern  portion  of  the  former,  Caldwell's  and  Brushy  Moun- 
tains;  ana,  near  its  southwestern  termination,  .  .  .  the  exten- 
sion of  Walker's  Mountain"  (p.  208).     .  .  .  "From  the  Po- 
tomac southward  nearly  to  the  Rockbridge  line,  it  presents  the 
forms  of  two  belts,  separated  by  an  intervening  tract  of  vari- 
able width,  formed  of  the  next  or  several  of  the  next  superior 
formations.      As   far  south   as   the   northern    termination  of 
Massanutten  range,  the  dividing  band  is  composed  exclusively 
of  the  group  of  slaty  rocks  constituting  formation  III,  (Ah,  c). 
Farther  south  these  mountains  bear  aloft  still  higher  lorma- 
tions,  resting  upon  a  basis  of  the  slates,  and  broadly  skirted  bj 
them  on  either  side;  and  again,  after  the  termination  of  these 
ridges  in  the  peak  near  Keezletown,  the  same  zone  of  slate 
continues  its  course  toward  the  south,  gradually  diminishing 
in  breadth  until  it  eventually  disappeara     Similar  interruptions 
in  the  continuity  of  the  limestone  rocks  are  produced  by  the 
Short's  Hill,  Purgatory  and  other  mountains  toward  the  S.W. 
portions  of  the  valley The  prevailing  dip  of  the  lime- 
stone along  its  eastern  margin,  where  it  joins  the  shales  of 
formation   I,  is  to  the  southeast.     Indeed  but  few  instances 
occur  in  the  State  in  which  this  rock  is  seen  reposing  in  its 
natural  position  upon  these  older  strata.     As  might  be  inferred 
from  the  general  prevalence  of  this  inversion  in  the  vicinity  of 
the  Blue  Ridge,  the  natural  causes  by  which  it  was  brought 
about  exerted  a  powerful  influence  upon  the  position  of  all  the 
rocks  of  the  valley,  and  in  some  instances  would  seem  to  have 
propagated  a  like  inversion  entirely  abross  this  zone  and  even 
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into  the  rocks  composiug  the  mountains  bounding  it  on  the 
west"  (pp.  209,  210). 

Prof.  Rogers  nowhere  in  his  State  Reports  undertakes  to 
subdivide  these  limestones  by  the  several  horizons  which  he 
gives  them  in  his  notes  for  Macfarlane's  Q-uide  (see  pp.  717,  720). 
Here  he  recognizes  the  three  subdivisions,  3a,  2h  and  3c, 
which  are  tolerably  well  defined  in  the  Great  Yalley. 

We  are  aware  that  Prof.  Dana  in  his  **  Table  of  Formations," 
as  revised  for  Macfarlane's  Geological  Railway  Guide,  has  re- 
duced the  sub-divisions  of  the  Canadian  group  to  two,  Calcifer- 
ous  and  Chazy,  for  which  we  have  no  doubt  he  can  present 
very  cogent  reasons.  In  the  Yirginias  this  whole  group  is  more 
remarkable  for  the  paucity  than  for  the  abundance  of  its  fossils  ; 
but  still  enough  have  been  found  to  mark  its  place  in  geological 
history.  Under  the  guidance,  however,  of  organic  remains 
alone,  we  have  not  been  able  to  trace  very  definite  horizons  for 
separate  epochs  in  this  Canadian  period,  but  when  we  call  in 
the  aid  of  lithological  featuies  as  an  additional  basis  of  divis- 
ion, we  find  three  tolerably  well  defined  formations,  blending 
into  one  another  to  some  extent  it  is  true,  but  not  more  so  than 
is  very  common  in  contiguous  and  conformable  limestone  beds. 

It  is  a  fact  worthy  of  note  that  what  we  call  three  formations 
of  this  period  carry  with  them,  throughout  their  whole  extent 
of  340  miles,  such  well  defined  lithological  peculiarities  as  to 
indicate  clearly  that  they  were  severally  deposited  under  quite 
different,  though  not  suddenly  changed,  circumstances. 

The  lowest  beds,  which  we  regard  as  corresponding  with  the 
Calciferous  (3a)  of  New  York — though  containing  here  far 
less  of  calciferous  sandstone  than  of  calciferous  shale — is  well 
characterized,  as  exposed  in  numerous  ravines  along  the  west- 
ern base  of  the  Blue  Ridge,  by  heavy  beds  of  purplish  shales, 
with  interstratified  beds  of  dolomitic  and  siliceous  limestones, 
like  that  employed  at  Balcony  Falls  factory  for  making 
hydraulic  cement.  The  shales  are  both  calcareous  and  ferru- 
ginous, but  become  more  calcareous  and  less  ferruginous  as  they 
are  found  to  rise  higher  in  the  series. 

In  our  notes  on  the  Virginia  railroads,  prepared  for  a  new 
edition  of  Macfarlane's  Geological  Railway  Guide,  we  have  re- 
tained the  Quebec  (Levis)  (36)  as  a  distinct  division  because  of 
the  comparatively  abrupt  transition  from  predominating  ferru- 
ginous shales  on  the  one  hand,  to  predominating  ferruginous 
and  dolomitic  limestones  on  the  other,  on  the  surfaces  of  which 
we  find  in  some  localities  numerous  fucoidal  impressions  quite 
different  from  any  found  in  the  lower  series.  Here  the  lime- 
stone beds  increase  in  thickness,  in  the  regularity  of  their  bed- 
ding, in  their  purity  as  regards  silica  and  alumina,  but  they 
carry  iron  enough  to  produce  by  their  disintegration  dark,  fer- 
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tile  soils.  At  many  points,  as  may  be  seen  between  Charles- 
town  and  Luray  on  the  Shenandoah  Yalley  Railway,  the  inter- 
bedded  shales  become  very  much  thickened  at  the  expense  of 
the  limestones,  but  the  general  lithological  peculiarities  are  well 
preserved  at  nearly  all  exposures  of  the  beds  along  the  Great 
Valley.  Many  of  the  limestones  of  this  division  are  hydraulic, 
as  at  Shepherdstown  on  the  Potomac,  and  on  North  River,  six 
miles  south  of  Lexington,  at  both  of  which  points  cement  has 
been  manufactured. 

The  transition  from  36  to  the  upper  division,  (Ohazy  3c),  is 
not  very  sharply  defined,  yet  we  feel  assured,  in  passing  from 
the  outcroppings  of  the  lower  beds  to  those  of  the  higher,  that 
we  have  come  upon  strata  deposited  under  a  decided  change  of 
circumstances.  The  beds  consist  of  a  larger  percentage  of  car- 
bonate of  lime,  but  are  less  regularly  stratified,  and  have  fewer 
interstratified  shales;  a  comparatively  thin  bed  of  brown  sand- 
stone full  of  impressions  of  fossil  shells  imperfectly  preserved, 
appears  among  the  lower  beds,  and  is  very  conXinuous ;  then 
higher  up  and  not  far.  below  the  base  of  the  Trenton  limestone 
beds  of  chert  of  variable  thickness  are  found — sometimes  a 
single  bed  but  often  two  or  three.  "  In  some  of  these  slaty 
bands,  and  in  the  cherty  beds  so  largely  interstratified  with  the 
limestones  of  the  valley,  Goniatites,  Ammonites  and  other  re- 
mains are  by  no  means  infrequent,  and  when  found  are  gener- 
ally in  a  beautiful  state  of  preservation."  (p.  172). 

The  Trenton  Group — No.  Ill  of  Rogers^  (4a,  6,  c).— 
[Trenton  Limestone  was  included  among  the  "  Valley  Lime- 
stones "  in  the  State  Reports,  but  on  p.  717  it  is  put  in  its  true 
place].  Both  the  upper  and  the  lower  horizons  of  this  group 
seem  to  be  well  defined  throughout  its  whole  extent  in  Virginia. 
The  lower  division,  Trenton  limestone  (4a),  in  many  places 
abounds  in  corals  (Chsetetes,  Colamnaria,  etc.),  while  all  the 
classes  of  Mollusca  (Brachiopods,  Lamellibranchs,  Gasteropods 
and  Cephalopods),  have  numerous  representatives— often  in 
great  abundance.  In  the  counties  of  Augusta,  Rockbridge  and 
Botetourt,  the  lowest  beds  of  Trenton  are  evidently  composed 
of  the  debris  of  an  ancient  coral  reef  with  some  admixture  of 
moUusks  and  crinoids  all  cemented  by  infiltration  of  carbonate 
of  lime  into  a  solid  limestone  from  100  to  200  feet  thick,  of  a 
fine  gray  color  and  highly  valued  for  architectural  purposes. 

Between  the  Trenton  limestones  and  the  Utica  shales  (4i), 
there  is  no  well  defined  plane  of  separation.  The  transition  is 
manifested  by  a  rapid  diminution  in  the  number  and  thickness 
of  the  fossiliferous  limestones,  and  a  corresponding  increase  of 
shales,  until  shales  alone  constitute  the  upper  portion  of  the 
formation.  The  transition  to  the  highest  division,  4c,  in  the 
middle  counties  of  the  State  is  marked  by  changes  in  both 
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lithological  and  paleontological  features.  The  shales  become 
more  ferruginous  as  well  as  more  siliceous.  In  fact  some  of  the 
highest  beds  become  really  argillaceous  sandstone  of  a  purplish 
color  with  thin  layers  of  similarly  colored  shales  intervening. 
This  part  of  the  formation  is  in  many  portions  of  its  range  the 
repository  of  valuable  ores  of  iron. 

Prof.  Rogers  giyes  a  very  good  view  of  some  of  the  leading 
exposures  of  his  No.  Ill  (46,  c.)  "  This  member  of  the  series 
consists  of  slates  and  slaty  sandstones,  of  various  shades  of 
bluish  black,  leadxjolor  ana  yellowish  brown,  the  dark  varieties 
in  general  pretiominating.  Their  structure  is  laminated  and 
fissile,  not  unfrequently  evincing  the  presence  of  small  quanti- 
ties of  mica.  When  weathered  they  in  most  cases  assume  a 
yellowish  or  dingy  brown  appearance.  Usually  this  slate  is 
devoid  of  carbonate  of  lime,  though  bands  are  occasionally  met 
with  containing  organic  impressions,  and  of  a  composition  more 
or  less  calcareous.  Iron  pyrites  is  of  very  common  occur- 
rence, giving.origin  to  the  sulphurous  impregnation  of  numer- 
ous medicinal  springs  taking  their  rise«ia  these  rocks.  .  .  . 

**  Resting  immediately  upon  the  upper  boundary  of  valley 
limestone.  No.  II  (3c)  this  rock  or  group  of  strata  is  exhibited 
on  a  very  extensive  scale  along  the  base  and  flanks  of  the 
Peaked  Mountains  and  the  Massanutten,  and  other  parallel 
ranges  in  Shenandoah,  Rockingham,  Page  and  other  counties. 
Frona  the  synclinal  structure  of  most  of  these  ridges,  the  slate 
is  exposed  on  both  sides  of  the  mountain,  dipping  inward, 
that  is,  to  the  N.W.  on  the  eastern  side  and  S.E.  on  the  western 
side.  The  striking  symmetry  of  contour  exhibited  by  the 
Peaked  Mountains  [southwest  terminus  of  the  Massanuttens], 
when  viewed  endwise  from  a  point  south  of  the  termination 
of  the  range,  illustrates  the  basin-shaped  arrangement  of  the 
strata  of  slate  resting  in  a  trough  of  subjacent  limestone,  and 
surmounted  by  the  sandstone  which  forms  No.  IV  (5a)  of  our 
series.  There  are  few,  perhaps  no  other,  exposures  in  the  slate 
in  which  the  structure  and  relations  of  these  beds  can  be  so 
satisfactorily  observed,  as  in  the  group  of  mountains  here  re- 
ferred to.  .  .  .  "     (p.  174). 

"  It  has  been  seen  that  this  formation,  constituting  abroad 
belt  extending  from  the  Potomac  far  into  the  middle  counties 
of  the  valley,  constitutes  a  great  synclinal  trough,  the  northern 
portion  of  which  stretches  far  into  Maryland,  sustaining  for  a 
considerable  part  of  its  length  in  Virginia,  the  group  of  long 

f)arallel  ranges  called  the  Massanutten  Mountains.  .  .  .  Under 
ike  circumstances  this  formation  is  found  constituting  the 
trough-shaped  basis  on  which  the  higher  formations  repose  in 
the  House  Mountains,  Short^s  Hill  and  Purgatory  Mountains. 
In  the  House  Mountains,  the  slate  forming  the  base  and  extend- 
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ing  about  two-thirds  of  the  height  presents  but  gentle  dips^  so 
that  the  two  successive  formations  III  and  IV  (46,  c  andf  6a), 
of  which  they  are  composed,  are  piled  upon  the  subjacent  lime- 
stones in  nearly  horizontal  planes.**  (p.  218). 

**  On  the  western  margin  of  the  valley  a  narrow  belt  of  forma- 
tion III  extends  from  the  Potomac  along  the  base  of  Little 
North  Mountain,  to  its  termination  in  Rockbridge  county.  It 
then  bends  westward  a  little  south  of  the  gap  through  which 
flows  the  North  Biver,  and  again  resuming  its  course  parallel  to 
the  Blue  Bidge,  spreads  along  the  flanks  qf  the  main  North 
Mountain  and  its  continuations ;  .  .  .  keeping  this  direction 
it  skirts  CaldwelFs  Mountain,  and  continues  low  down  on  the 
North  or  Brushy  Mountain,  to  its  termination  in  Washington 
county  "  [on  the  Tennessee  line],  (p.  219). 

In  the  Appalachians  of  the  Virgmias  are  some  very  interest- 
ing, and  some  of  them  quite  extensive  and  fertile  anticlinal 
valleys,  of  which  the  Canadian  and  Trenton  limestones  form 
the  bottoms,  while  the  Utica  and  Hudson  slates  constitute  the 
lower  slopes  and  spurs  of  the  ridges  by  which  the  valleys 
are  bounaed.  Such  are  the  Crab  Bottom  in  Pendleton  and 
Highland  counties,  Warm  Springs  Valley  in  Bath  county, 
Rich  Patch  in  Alleghany,  Sweet  Springs  Valley  in  All^hany 
and  Monroe,  and  Sinking  Creek  Valley  in  Craig  and  Giles 
countiea 

The  formations  of  the  Canadian  and  Trenton  periods  are  so 
frequently  accessible  to   traveling  geologists  from   the  same 

t)oints  on  railway  lines  and  places  of  common  resort,  that  we 
lave  concluded  to  note  such  localities  under  one  general  head. 
In  the  northeast  portion  of  the  Great  Valley,  the  main  stem  of 
the  Baltimore  &  Ohio  Railway  cuts  the  broad  Silurian  belt 
nearly  at  right  angles.  About  one  or  two  miles  west  of  Harp- 
er's Ferry  station  the  road  passes  rather  abruptly  from  older 
beds  to  the  Canadian  limestones  and  shales,  which  are  exposed 
in  several  cuts  between  that  point  and  Kearneys vi lie.  Still 
farther  west  the  more  fossil  limestones  and  shales  of  4a,  4,  c, 
come  into  view  as  far  as  Martinsburg  and  beyond. 

The  Valley  Branch  of  the  Baltimore  &  Ohio  railway  runs 
for  a  short  distance  from  Harper's  Ferrj'  on  the  west  border  of 
the  Cambrian,  but  soon  passes  to  the  Canadian,  group  which 
ma}'  be  conveniently  observed  at  Charlestown  and  Cameron 
stations.  At  Wadesville^  and  along  the  banks  of  Opequon 
Creek  above  and  below,  the  exposed  rocks  are  of  Irenton 
age — a  part  of  the  irregular  synclinal  belt  which  25  miles 
farther  towards  the  S.\V.  passes  beneath  the  Massanutten 
range.  Winchester,  Woodstock,  Harrisonbuig,  and  Staunton 
are  all  near  the  western  margin  of  the  Trenton  belt  of 
the   Massanutten    range,   and    afford   conveniently  accessible 
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mtoroppings  of  Sb,  c,  and  4a,  b.  After  passing  Staunton  this 
ine  cuts  Sb  and  c,  for  five  miles,  then  runs  for  a  few  miles  on 
kz ;  then  before  reaching  Oreenville  it  again  runs  upon  Sb,  c, 
v^hich  are  well  exposed  in  cuts  and  along  streams  to  a  point 
rithin  six  miles  ot  Lexington,  where  4a  becomes  the  country 
ock  and  so  continues  to  be  until  we  reach  the  town,  which  is 
milt  upon  Trenton  limestone.  The  river  cliffs  for  five  miles 
ibove  and  below  tfie  railway  bridge  at  this  place,  together  with 
be  hills  surrounding  the  town,  and  the  flanks  of  the  neighbor- 
ng  House  Mountains,  afford  unsurpassed  facilities  for  studying 
K>th  the. Canadian  and  Trenton  groups,  and  especially  the 
atter. 

The  Manassas  Qtip  railwayj  between  Front  Eoyal  in  Warren 
lounty  and  Strasburg  in  Shenandoah  county,  crosses  the  trough 
Q  which  the  Massanuttens  rest  at  the  extreme  northeast  termi- 
lus  of  that  range  of  mountains,  affording  not  only  views  of  the 
Trenton  foundation,  but  also  of  the  superstructure  of  Medina 
ind  Clinton  sandstones  which  form  the  crest  of  the  historic 
?OTl  Mountain. 

The  Shenandoah  Yalley  railway  starts  upon  4a,  at  Hagers- 
own,  Md.,  crosses  the  Potomac  on  a  bridge,  the  abutments  of 
ehich  are  Sb.  From  this  point  to  its  terminus  at  Roanoke 
/ity,  in  Roanoke  county,  Va.,  its  bed  is  composed  almost  en- 
irely  of  Canadian,  with  a  few  patches  of  Cambrian  and  con- 
iderable  areas  of  local  drift.  The  road  at  some  points  affords 
pportunities  for  interesting  observations.  The  cliffs  of  the 
^otomao  at  Shepherdstown,  the  cuts  near  Charlestown  and  the 
largins  of  both  branches  of  the  Shenandoah  near  Front  Royal, 
•ring  into  view  well-defined  beds  of  36,  c.  At  Luray,  the  sta- 
ion  and  the  greater  part  of  the  village  appear  to  rest  upon  36, 
rhile  the  entrance  to  the  caverns  is,  as  far  as  we  have  been 
ble  to  examine  the  locality,  most  probably  in  a  hill  composed 
i  3c  (Chazy).  Weyer*s  Cave,  in  the  eastern  corner  of 
Augusta  county,  has  about  the  same  geological  features  and 
urroundings  as  the  Luray  caverns.  Waynesboro  is  close  to 
he  line  of  connection  between  the  Cambrian  and  the  Canadian 
groups,  and  is  a  favorable  point  at  which  to  study  the  structures 
>f  both,  while  the  neighboring  tunnel  through  the  Blue  Ridge 
hows  the  relation  of  the  Archaean  and  Cambrian  rocks  with 
heir  actual  contact  at  the  western  extremity  of  the  tunnel, 
vhere  apparent  conformity  exists  between  the  two  series.  The 
"Natural  Bridge  and  the  cliffs  about  Buchanan  are  both  favor- 
ible  localities  for  examining  beds  of  3a,  36,  and  3c — all  being 
veil  exposed  in  the  vicinity. 

From  Balcony  Falls  to  Eagle  Rock,  in  Botetourt  county,  the 
lichmond  and  Alleghany  railway  crosses  the  strike  of  the  valley 
imestones  in  such  a  way  as  to  open  some  well-defined  sections. 
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Bat  along  tbe  Lexington  branch  of  the  same  road,  the  beds 
from  the  Cambrian  to  the  Trenton  are  cut  by  the  road  and  the 
river  (the  channel  of  which  it  follows)  in  such  a  way  as  to  ex- 
pose in  a  striking  manner  the  numerous  faultings  and  foldings 
to  which  this  portion  of  the  Great  Yalley  has  been  subjected  at 
some  remote  period  of  its  history.  A  profile  section  from  the 
crest  of  the  Blue  Ridge  through  Lexington  and  cutting  the 
House  Mountains,  may  be  seen  in  this  Journal,  vol.  xviii,  1879, 
p.  19.  It  is  designed  to  show  in  a  graphic  way  a  variety  of 
structures  not  often  found  within  the  same  compass. 

Our  sketch  has  now  brought  us  to  the  top  of  what  is  gen- 
erally regarded  as  the  Lower  Silurian  Age.  We  have  dwelt 
upon  this  portion  of  the  geology  of  Virginia  at  some  length; 
first,  because  the  formations  of  which  we  have  been  treatins 
are  remarkably  well  and  widely  developed  in  this  State;  and 
secondly,  because  we  desire  to  give  our  fellow-students  the 
benefit  of  a  concise,  and,  as  far  as  space  and  time  will  permit,  a 
systematic  view  of  the  field  which  is  still  open  for  additional 
investigations.  The  higher  formations  we  shall  discuss  here- 
after. 

Washington  and  Lee  University,  Va.,  September,  1885. 

[To  be  continued.] 


Art.  XLVIIL — On  displacement  ilirough  intrusion;  by  James 

D.  Dana. 

The  wedging  action  of  intruding  material  may  act  either  in 
fissures  and  crevices,  or  among  the  grains  or  constituent  par- 
ticles at  or  near  the  surface  of  a  rock ;  and  the  displacement 
that  results  may  consist  in  the  opening  and  widening  of  fissures, 
in  the  separation  of  masses,  in  the  faulting  of  the  separated  frag- 
ments, and  in  rock  disintegration.  The  methods  are  either 
organic,  molar  or  molecular.  The  first  includes,  (1)  the 
intrusion  of  vegetable  growths  from  microscopic  plants  to  the 
roots  and  stems  of  trees;  the  second  (2)  the  intrusion  of  melted 
rock  into  fissures  or  between  layers;  (3)  the  intrusion  of  gas 
under  pressure,  or  when  suddenly  developed ;  and  the  third  com- 
prises (4)  the  freezing  of  intruded  water,  (5)  chemical  deposition 
from  a  solution  of  outside  origin ;  (6)  chemical  deposition  or  com- 
position,  arising  from  changes  within  the  rock.  •  The  minutest 
grain  of  a  new  mineral  made  or  deposited  within  the  rock  has  a 
displacing  and  disruptive  action  or  tendency. 

The  production  of  a  pseudo-breccia  from  quartzyte,  described 
by  me  in  this  Journal  for  last  November  and  January  (xxviii, 
451,  xxix,  57),  is  an  example  of  displaoement  by  one  of  the 
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last  two  methods  here  mentioned;  that  is,  through  deposition 
from  either  an  introduced  solution  or  from  oxidation  or  inside 
pyrite  (or  other  iron-bearing  mineral).  A  specimen  of  this 
pseudo-breccia,  from  Canaan,  Conn.,  nearly  three  inches  each 
way,  recently  shown  me  by  Mr.  R  E.  Cornish,  of  Norfolk,  Ct., 
consisted  on  one  side  of  small  angular  blocks  of  the  quartzyte, 
irregularly  displaced,  and  having  the  large  interstices  lined 
and  partly  filled  with  limonite ;  while  on  the  opposite  side,  the 
quartzyte  was  solid  excepting  a  few  fine  rifts  occupied  by 
limonite.  The  limonite  in  the  specimen  was  so  abundant  that 
it  must  have  been  derived  from  an  outside  source,  and  the  mass 
of  quartzyte  probably  came  from  the  gravel  of  a  limonite  deposit 
or  some  place  where  limonite-making  was  going  forward.  Under 
such  a  condition,  the  deposition  of  a  coating  of  crystallized 
quartz  over  the  limonite  might  come  from  the  silica  which  is 
set  free  (and  abundantly  so)  in  the  decomposition  of  the  schist 
adjoining  the  limonite-making  locality. 

The  interstices  between  the  pieces  of  quartzyte  are,  as  staled 
above,  only  partly  filled ;  and  hence  open  cavities  are  left. 
This  condition  results  because  the  separation,  even  though 
wide,  requires  that  the  deposited  mineral  should  cross  the  inter- 
stitial space  only  at  one  or  two  points ;  and  when  the  limonite 
deposit  in  the  cavities  is  a  smooth  coating,  or  botryoidal,  or 
covered  with  drusy  quartz,  the  cavity  has  become  a  small  geode. 

The  specimen  figured  below  exemplifies  a  somewhat  differ- 
ent case  of  displacement  by  intrusion,  coming  under  the  5th  of 
the  above  mentioned  methods,  which  is  essentially  the  same 
with  that  of  the  pseudo-breccia  in  the  method  of  applying  the 


divellent  force.  It  is  a  piece  of  well-characterized  mica  schist 
of  the  muscovite  variety,  containing  broken  and  displaced  crys- 
tals of  black  tourmaline.  It  was  obtained  on  one  of  my  Berk- 
shire excursions  of  last  summer  from  a  quartzyte  ridge  up  Roar- 
iDgBrook,  on  the  eastern  border  of  the  town  of  Lenox. 
The  broken  prisms  of  tourmaline  are  various  in  amount  of 
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displacement,  the  largest  interval  being  about  a  third  of  an  inch. 
Some  of  the  displaced  pieces  are  partially  revolved,  and  some 
are  tipped  out  of  the  plane  of  the  rest  of  the  crystal.  The 
intruded  mineral  is  quartz,  a  milk-white  variety ;  and  its  form 
between  the  tourmaline  fragments  is  shown  by  the  dotted  lines. 

The  displacement  is  evidently  not  wholly  due  to  any  com- 
pression 01  the  rock,  or  to  movement  within  it  in  any  direction 
as  a  result  of  pressure  or  tension — the  usual  explanation  in 
similar  cases  (and  probable  causes  of  fracturing);  for  the  prisms 
of  tourmaline  lie,  and  are  displaced,  in  all  directions,  and  those 
that  are  side  by  side  differ  greatly  in  amount  and  kind  of  dis- 
placement as  well  as  in  its  direction.  The  displacing  agent 
was  silica  from  an  intruding  siliceous  solution ;  and  deposition 
of  quartz  from  the  solution  must  have  been  continuea  at  the 
plane  of  junction  with  the  tourmaline  until  the  displacements 
were  completed.  The  change  of  direction  and  partial  rotation 
of  some  of  the  tourmaline  sections  are  evidence  of  irr^ular 
resistance  to  the  displacement  in  the  material  of  the  rock. 

In  my  note,  on  the  "  Decay  of  Quartzyte,"  in  the  number  of 
this  Journal  for  last  January  (xxix,  57),  I  refer  to  the  "split 
and  enlarged  heads  and  stems  of  crinoids"  as  examples  of  the 
separation  process.  Being  aware  that  crinoidal  specimens  of 
this  kind  had  received  much  attention  from  Professor  A.  H. 
Worthen,  Director  of  the  Illinois  Geological  Survey,  I  wrote 
him  recently  on  the  subject,  and  here  introduce  his  valuable 
letter  of.  October  8ih,  received  in  reply. 

**  In  reply  to  yours  of  the  6th  inst.,  I  will  say  that  I  know  of 
no  general  report  on  the  geodized  fossils  of  the  Keokuk  limestone. 
At  the  St.  Louis  meeting  of  the  Amer.  Assoc,  in  1878,  I  read  a 
short  paper  on  this  subject,  and  exhibited  specimens  both  of  crinoids 
and  shells  that  had  been  subjected  to  the  geodizing  process.  Ko 
copy  however  was  furnished  for  publication.  I  have  seen  otae 
specimen  of  a  geodized  stem  of  Barycrinus  nearly  or  quite  a  foot 
in  diameter  and  have  specimens  in  ray  own  possession  from  four 
to  six  inches  in  diameter.  Where  shells  have  been  geodized 
their  size  is  not  usually  increased  so  much,  and  I  do  not  now 
call  to  mind  any  specimen  where  the  diameter  has  been  increased 
more  than  half  its  original  size.  The  stems  of  Barycrinus  have 
a  pentangular  central  perforation  which  seems  to  render  them 
peculiarly  susceptible  to  this  process.  The  stems  of  large  speci- 
mens of  Barycrinus  vary  from  one  to  two  inches  in  diameter,  and 
increase  by  the  geodizing  process  from  four  to  six  diameters." 

The  process  here  described  is  of  wide  geological  importance. 
As  the  cases  show,  any  intruding  mineral  may  act  like  the 
quartz  and  limonite,  in  the  disrupting,  and  displacing  work. 
The  limit  of  the  width  of  separation  that  may  thus  be  occa- 
sioned remains  to  be  ascertained  from  further  observations. 
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Art.  XTjTX. — An  Endoparasite  of  Noieus;  by  Sara  Gwen- 
dolen FOULKE. 

In  classifying  the  Oiliaia-Hobtricha,  W.  Saville  Kent  has 
created  a  special  division  for  those  members  of  the  order  which 
possess  no  distinct  oral  aperture,  distinguishing  them  as  the 
Hclotrieha-Astomata.  This  division  includes  but  one  family 
group— the  Opalinidse — comprising  four  genera:  Opalina^  A?io- 
plaphryay  Haptophrya^  and  HopU'tophrya.  The  Opalinidse  are, 
wiuiout  exception,  endoparasitic  in  habit. 

Of  these  four  genera  the  characteristics  may  be  summed  up 
as  follows:  Opalina  and  Anopbphrya  are  both  free  swimming, 
without  means  of  attachment,  and  differ  chiefly  in  the  form  of 
their  endoplast;  Haptophrya  and  HopUtophrya  are  both  fur- 
nished with  means  of  attachment,  the  difference  in  form  of 
which  furnishes  the  generic  distinction,  the  former  possessing  a 
sacking  disc,  the  latter  a  corneous  keel-like  band,  or  one  or 
more  hooks.  Opalina  proper  is  further  separated  by  restricting 
its  habitat  to  **the  intestinal  viscera  of  various  tailed  or  tailless 
Amphibia," 

I^Ifoteus,  species  unknown,  having  been  crushed  in  the  live- 
box,  there  were  expelled  from  the  animal's  body,  with  its  fluids, 
ciliated  bodies  exhibiting  decided  movements.  Scarcely  more 
tangible  in  their  colorless  transparency  than  air-bubbles,  these 
bodies,  varying  in  shape  from  globose  to  ovate,  were  more  or 
less  uniformly  clothed  with  long,  delicate  cilia,  whose  rhythmi- 
cal undulations  produced  but  slight  onward  motion.  No  endo- 
plasm  was  visible,  and  no  opportunity  for  the  use  of  reagents 
was  afforded,  as,  in  about  ten  minutes,  the  bodies  became  qui- 
escent, and  then  rapidly  disintegrated,  the  cilia  disappearing 
first  Dr.  Jos.  Leidy  recommends  as  a  successful  medium  of 
preservation  for  such  forms  a  little  white  of  egg  introduced 
into  the  water,  which  is  not  of  itself  sufficiently  dense  to  sup- 
port so  delicate  cell-walls. 

One  of  the  forms  was  gourd-shaped,  the  constriction  being 
slightly  above  the  middle,  the  whole  appearance  strongly  sug- 
gesting lateral  fission.  Another,  perfectly  globose  individual 
contained  a  number  of  the  refractive  germ-like  bodies  charac- 
teristic of  the  Protozoa,  which,  on  being  liberated  by  the  dis- 
solution of  the  parent  cell,  dispersed  through  the  water,  prob- 
ably to  seek  a  new  host  and  complete  the  cycle  of  development. 
On  the  globular  form  the  cilia  appeared  to  be  placed  in  bands 
or  clusters,  while  those  on  the  ovate  form  were  more  evenly 
distributed.  It  is  possible  that  one  may  be  merely  an  imma- 
ture form  of  the  other. 
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Simultaneously  with  these  parasites  a  sac  of  protoplasm^ 
measuring  onl}'  tVinr"?  ^^^  containing  ten  minute,  scarlet  to  dark 
red  bodies,  was  exf»elled.  It  s^med  to  come  from  near  the 
center  of  the  forward  part  of  the  body,  but  was  not  connected 
with  the  '*eyes,"  as  these  remained  intact.  This  sac  remained 
motionless  near  the  Rotifer  for  an  hour,  the  scarlet  bodies  con* 
tinuing  in  incessant  motion  during  that  time,  but  no  change  of 
any  kind  takini<  place.  I  have  been  unable  to  determine  the 
nature  of  this  sac  or  the  contained  bodies,  and  should  be  glad  of 
any  information  as  to  its  probable  character. 

The  parasites  measarea  about  y}]r''»  exclusive  of  the  cilia, 
whose  length  more  than  equalled  the  diameter  of  the  body.  I 
believe  them  to  have  come  from  some  one  of  those  cavities  of 
the  Rotifer's  body  which  are  filled  with  clear,  rather  thin  fluid, 
perhaps  from  the  stomach,  but  think  it  unlikely  they  can  have 
come  from  the  intestinal  canal,  because  of  their  extreme  fra- 
gility, and  of  the  very  long  investing  cilia,  making  the  total 
size  too  ^reat  for  such  confined  quarters. 

The  characteristics  above  noted  bring  this  form  within  the 
genus  Anopfophrya,  if  we  except  the  inconspicuoosness  of  the 
endoplasm,  supposing  it  present,  but  prevent  its  identification 
with  any  specific  form  there  included,  that  to  which  it  most 
nearly  approaches  being  A.  socialU^  described  by  Dr.  Leidy, 
under  the  name  of  Leucophrys  socialise  as  present  in  the  fresh- 
water Polyzoon,  Umatella  gracilis.  From  A,  socialis  it  diflfers, 
however,  in  point  of  size,  being  but  one-sixth  that  of  the  latter; 
in  not  having  the  cuticle  striate,  and  in  the  superior  length  of 
its  cilia. 

I  propose  to  name  this  new  species  Anophphrya  Notei. 

Briefly  stated,  the  specific  characteristics  of  this  form  areas 
follows:  body  globose  or  ovate,  variably  clothed  with  cilia 
more  than  equalling  its  length;  endoplast  undetected;  con- 
tractile vesicle  small ;  length,  yi^'^  Hab.,  endoparasitic  of 
NoUus. 


Art.  L. — T/ie  Spectrum  of  Nova  Andromedce  ;   by  0.  T. 

Shebmak. 

When  the  telegram  announcing  the  outburst  in  the  nebala 
of  Andromeda  arrived,  the  equatorial  of  the  Yale  Observa- 
tory was  in  use  following  the  spectra  of  y  Cassiopeise  and 
)9  Lyr^.  For  some  time  past  the  astronomer  had  been  engaged 
upon  them  and  was  beginning  to  feel  sufficient  confidence  to 
commence  the  record.  This  practice  is  of  more  than  apparent 
importance  as  it  underlies  the  whole  work  with  the  nebula.  As 
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aution  in  obBerving,  the  eye  was  ased  only  after  some 
"s  sleep,  the  spectrum  was  gazed  at  intently  for  some  mo- 
ts ana  subjected  to  a  ^ight  apparent  to-and-fro  motion, 
light  more  brilliant  than  the  first  glare  of  a  match  was 
.  The  spectroscope  was  a  direct  vision  by  Duboscq,  pro- 
d  with  two  series  of  prisms.  Csing  the  single  series,  &,  and 
re  just  separated,  usin^  the  double  series  the  nickel  line 
reen  the  D,  and  D,  and  the  fine  lines  between  \  and  \  are 
)le.  The  single  series  was  usually  employed  for  work, 
iouble  as  a  check. 

n  the  earliest  opportunity  after  receiving  the  information, 
ely  the  early  morning  of  September  5th,  the  telescope  was 
2ted  to  the  Nova.  On  the  whitish  blue  stripe  forming  the 
inuous  spectrum  were  discerned  one  bright  line  crossing 
spectrum  and  farther  toward  the  red  two  bright  knots  of 
L  They  were  not  very  much  brighter  than  the  surrounding 
3  but  were  evident.  They  remained  when  the  larger 
ersion  was  employed. 

Htings  were  made  by  bringing  the  cross  wire  appearing  as 
rk  line  upon  the  bright  background  over  the  apparent  con- 
lation.  The  scale  was  read  by  the  glare  of  a  match  and  the 
rvation  recorded  by  a  pencil  dot  upon  a  prepared  form. 

instrument  was  then  pointed  to  the  comparison  star,  say 

ssiopeiad  and  a  similar  observation  mada     This  process  was 

atea  independently  upon  Sept  5,  7,  9,  11.     On  Sept  16 

21  the  lines  were  seen  but  no  setting  attempted.     Since 

no  observations  upon  the  Nova  have  been  obtained.  The 
n  of  the  settings  upon  the  three  stars  gives  the  following 
s : 

y  Cass.  /?  Lyrse.  Nova  Androm. 

Ha   20**-2  20**-32 

D,  1 9-36 
?  19-10 
?  18T. 
H3  17-56 
H(5  15-93 
Hy?   14-20 

he  lines  Ha  D3  H/3  Hd  have  been  identified  by  other  ob- 
ers.  On  their  foundation  the  curve  connecting  the  scale 
ings  and  wave  lengths  was  drawn.  The  equivalents  of  the 
3  readings  read  oflf  are: 

From  y  Cass.  From  ^  Lyrse.  Mean. 

18-51  =  536-0  627-0  631-6 

18-98  =  564-0  661-0  667-6 

he  remaining  line,  H/?  seems  from  its  image  to  be  due  to 
light  of  the  whole  nebula.  The  two  18-51  and  18-98  seem 
e  due  to  the  light  of  the  Nova. 


19-44 

19-03 

18-98 

18-43 

18-61 

17-61 

17-66 

16-90 

14-26 

880  Scientific  Intelligence. 

It  is  of  interest  to  compare  the  wave  lengths  obtained  abo?e 
with  the  wave  lengths  of  the  coronal  lines  1474  and  1250  db  30^ 
lines  which  also  appear  in  the  spectrum  of  the  solar  protuber- 
ancea  The  wave  length  of  1474  is  531-69,  that  of  1250±30 
is  55605=t8-44. 

While  it  may  be  too  much  to  claim  that  these  measures 
afford  an  absolute  proof  of  identity,  yet  certainly  the  strong 
suspicion,  is  not  without  interest,  importiinceand  suggestivenesa 

Although  it  has  no  immediate  connection  with  the  subject 
of  the  present  article,  it  may  not  be  out  of  ploce  to  note 
the  presence  of  these  18*5  and  19*0  lines  in  the  spectra  of  x 
CassiopeisB  jind  ^  Lyrae.  Concerning  these  spectra  we  hope  to 
speak  later. 

Observatory  of  Yale  College,  Oct.  1,  1886. 


SCIENTIFIC     INTELLIGENCE. 

I.    Chemistry  and  Physics. 

L  On  the  deternihiation  of  the  Specific  Density  of  liquids 
at  high  temperatures, — R.  Schifp  has  described  a  convenient 
form  of  apparatus  for  determining  the  specific  density  of  liquids 
at  high  icniperalures,  based  on  the  principle  of  the  weight  ther- 
mometer. The  pyknometer  itself  consists  of  a  cylindrical  glass 
vessel  of  8  to  10  c.  c.  capacity,  with  a  conical  neck  termioatine 
in  a  fine  opening.  Upon  this  conical  neck  a  recurved  glass  cap 
or  helmet  is  ground  air  tiorht.  The  instrument  is  placed  in  a 
funnel-shaped  vessel,  the  tube  of  which  passes  through  the  cork 
of  a  flask  placed  beneath  it,  containing  the  liquid  by  means  of 
whose  vapor  the  apparatus  is  to  be  heated.  At  top  the  funnel 
has  three  openings  ;  through  one  the  excess  of  vapor  passes  to  an 
inverted  condenser,  through  the  second,  a  thermometer  is  in- 
serted ;  and  through  the  third,  which  is  central  and  larger  than 
the  others,  passes  (1)  a  wire  holder  to  support  the  pyknometer, 
and  (2)  a  glass  stem  to  which  the  cap  or  helmet  is  attached  and 
by  means  of  which  this  may  be  made  to  close  the  opening  in  the 
specific  density  flask.  To  make  an  observation,  the  flask  is  filled 
with  the  liquid  to  be  examined,  a  small  glass  plug  being  used 
to  close  it  during  the  weighings,  and  is  supported  withm  the 
funnel.  As  the  temperature  rises,  the  liquid  expands  and  ove^ 
flows  into  the  recurved  portion  of  the  helmet.  When  the  tem- 
perature has  become  uniform,  the  instrument  is  removed  from  the 
vapor,  allowed  to  cool  and  weighed.  The  diflFerence  between  the 
first  and  second  weighings  gives  the  overflow.  This  divided  by 
the  weight  of  the  substance  remaining  gives  the  expansion  of  the 
substance  per  weight-unit.  And,  knowing  the  volume  of  the 
flask  at  0°  and  its  expansion-coefficient  (determined  by  making 
two  experiments  with  mercury,  one  in  ether  vapor  at  34°  and  the 
other  in  steam  at  100°),  the  specific  density  is  readily  calculated* 
— £er.  BerL  Chem.  Oes,,  xviii,  1638,  June,  1886.  g.  f.  & 
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2.    On  the  direct  xniion  of  lir amine  with  Chlorides^  fonnintj  a 
new  class  of  Perbromides. — In  a  series  of  experiments  upon  the 
reaction   which  takes  place  between   bromine  and  certain  chlo- 
rides, Bekthklot  has  observed  the  formation  of  a  new  group  of 
secondary   compounds  produced  by  the  direct  addition  of  l)ro- 
miiie  to  these  chlorides,  in  strict  analogy  to  the  formation  of  the 
alkali  perbromides.     When  for  example  fuming  hydrogen  chlo- 
ride, of  specitic  density  1*15:},  is  mixed  with  bromine,  100  c.  c 
dissolve  within  a  few  minutes  36*4  grams  of  the  bromine;  in- 
creasing finally  to  40' 1  grams.     The  ratio  between  the  two  is  :<6'5 
to  40' I ;  which  corresponds  to  the  formula  ^HClj^Br.     This  fact, 
as  well  as  the  calorimotrical   one  that  the   neat  evolved  in    the 
reaction  is  double   that   evolved  when  bromine  is  dissolvi'd    in 
water,  proves,  in  the  author's  opinion,  the  formation  by  direct 
union  of  a  bromide  of  hydrogen  chloride,  comparable  to  hydro- 
gen   perchloride.     Analysis  showed  th:il  at  most  only  one  three- 
hundredth  of  one  equivalent  of  the  chlorine  had   been  rej)laced. 
This    fact   as   well   as   the   ready  dissociation  of  the  compound 
6ht>ws  that  the  bromine  has  acted  bv  direct  union  and  not   bv 
substitution.     Hydrogen  chloride  dis.M)lves  iodine  also  in    much 
larger  proportion  than   water,  one   liter  dissolving  G*04  grams; 
thus  indicating  the  formation  of  a  similar  ])eriodide.     A  solution 
of  barium  chloride  containinsr  450  <rrnnis  of  the  crystallized  salt 
to  the  liter  dissolves   115  grams  bromine,  nearly  four  times  the 
quantity   dissolved  by    the   same   quantity  of  pure  water.     The 
heat   evolved  is  0*5  calory  for  Br  liquid  =  80  grams.     The  solu- 
tion may  be  diluted  with  its  own  volume  of  water  without  throw- 
ing down  the  bromine.     Only  one  hundredth  of  an  equivalent   of 
the  chlorine  suffered  replacement  in  this  experiment.     A  solution 
of  strontium  chloride  containing  400  grams  of  the   crystallized 
salt  to  the  liter,  dissolves  92  grams  of  bromine,  three  times  as 
much  as  pure  water.     The  same  kin<l  of  absorption  has  been  ob- 
served with  silver  chloride. — Bull,  Soc,  Ch,.  II,  xliii,  545,  June, 

1885.  G.  F.  B. 

3-  On  Vie  Reduction  of  Carbon  dioxide  to  inonoAde  btj  C'f/rbon, 
Naumann  and  Pistor  have  studied  the  conditions,  especially  of 
temperature,  under  which  carbon  dioxide  is  reduced  to  monoxide 
through  the  action  of  carbon  upon  it.     In   the  first   five   exj)cri- 
ments  (which  were  conducted  at  comparatively  low  temperatures 
in  order  to  determine  the  lower  limit  at  which  the  reduction  took 
place)  a  combustion  tube  82  cm.  long  and  15  mm.  in  diameter,  was 
used,  filled  with  fragments  of  charcoal   j)reviously  washe<l   with 
acid   and  then  strongly  ignited.     Through  this  tube  the  carbon 
dioxide,  prepared  from  marble  and  hydrogen  chloride  and  care- 
fully dried,  was  passed  at  the  rate  of  2  or  3  bubbles  per  second  ; 
the  tube  being  heated  in  a  gas  furnace,  and  being   surrounded 
with  two  concentric  sheet  iron  tubes  enclosing   wire  spirals,   lor 
the   purpose   of  rendering  the  temperature   more    uniform.     In 
order  to  measure  the  temperature,  a  number  of  capsules  of  ixlass 
or  platinum,  containing  salts  of  different  melting  points  and   for 
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the  higher  points,  metallic  spiralfl,   were  distribnted  at  intervals 
within  the  tube.     If  at  a  given  time  one  of  these  salts  is  observed 
to  be  melted  and  another  not,  the  temperature  of  the  tube  ob- 
viously lies  betVeen  the  two  melting  points.    In  the  first  experi- 
ment, in  which  the  temperature  never  reached  530°  (since  silver 
iodide,  fusing  point  530^,  was  never  melted  and  even  lead  chlo- 
ride, fusing  pomt  501%  was  softened  only  in  the  middle  of  the 
tube)  the  layer  of  charcoal  being  66  cm.,  the  evolved  gas  daring 
the  entire   hour  was  completely  absorbed  by  potassium  hydrate; 
showing  that  no  reduction  had  taken  place.    In  the  second,  in 
which  the  temperature  remained  below  585°  (the  fusing  point  of 
silver  pyro-phosphate)  a  minute  quantity  of  non-absorbable  ga9, 
burning  with  a  olue  name,  was  obtained.    This  temperature  530* 
-586°  marks  the  limit  of  the  reduction.      In    the  third,  silver 
iodide   was  completely  fused,  silver  pyrophosphate  sintered  to- 
gether, but  lithium  chloride  (fusing  point  602  )  remained   unal- 
tered.    The  evolved  gas  contained  12*6  per  cent  carbon  monox- 
ide.    In  the  4th  experiment  the  layer  of  charcoal  was  reduced  to 
10  cm.  and  it  was  found  that  no  action  took  place  even  at  602*; 
so    that    in    the    fifth    experiment,  carbon   monoxide  gas  was 
observed   only   when  the  temperature  lay  between  the  melting 
point  of  potassium  iodide  (634  )  and  that  of  potassium  bromide 
(708°).    The  glass  tube  was  then  replaced  by  one  of  porcelaia 
8  mm.  in  diameter,  which  was  heated  in  a  Fletcher  gas  furnace^ 
using  an  air  blast.      In   the   sixth   the  carbon   layer  being  HO 
cm.  long,  the  temperature  did  not  reach  814°  (the  fusing  point 
of  Na^COJ  90  c.  c.  of  gas  were  collected  in  1 6  minutes  and  the 
CO  present  in  the  evolved  gas  was  12*7  per  cent.     In  the  7th, 
with  a  layer  of  charcoal  24  cm.  long,  and  the  temperature  aboat 
861°  (the  fusing  point  of  Na^SOJ  the  gas  evolved  at  the  rate  of 
1*7  bubbles  per  second  consisted  of  58*7  CO  and  41 '3  CO,.    In 
the  8th,  the  carbon  layer  was  only  10  cm.  long,  silver  was  melted, 
(054°)  but  copper  was  not  (1054  )  and  the  gas  (1*2  bubbles  per 
second)  consisted  of  94*2  CO  and  5*8  CO,.    In  the  9th,  the  carbon 
layer  was  57  cm.  long,  the  temperature   above   861°  but  below 
054°,  the  gas  passed  at  the  rate  of  8  bubbles  per  second  and  con- 
tained 90*7  per  cent  of  CO.     In  the  10th  experiment  a  platinum 
tube  5  mm.  in  diameter  was  used,  the  carbon  layer  being  only  2 
mm.  long.     In  4*25  minutes  70  c.  c.  of  gas  were  collected  (about  3 
bubbles  per  second)  of  which  18*1  per  cent  was  CO.     In  the  10th 
experiment,  the  tube  was  filled  with  alternate  layers  of  charcoal 
and  of  copper  turnings,  the  former  amounting  in  all  to  10  cm., 
the  latter  to  34  cm.     The  temperature  in  the  greater  part  of  the 
tube  was  between  861°  and  954°.     The  gas  passed  at  a  rate  of  2 
bubbles  per  second  and  contained  36*5  per  cent  of  CO.    From 
these  experiments  the  authors  conclude:  1st,  that  th^  reduction 
of  carbon  dioxide  to  carbon  monoxide  by  carbon   has  its  lower 
temperature-limit  at  about  550°.     2d,  that  if  according  to  theory, 
the  reduction  at  a  given  temperature  is  proportional  to  the  fk- 
quence  of  the  contacts  between  the  carbon  dioxide  and  the  ca^ 
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boD,  then  an  increase  in  the  length  of  the  carbon  layer  or  a 
deorease  in  the  velocity  of  the  gas-current,  should  increase  the 
amount  of  monoxide  produced,  as  is  shown  in  the  7th  and  9th 
experiments.  Sd,  that  the  reduction  increases  with  the  tempera- 
ture. The  paper  concludes  with  a  discussion  of  the  thermocoem- 
ical  questions  involved  in  the  results  obtained. — Ber,  JBerl.  Chem, 
0€$.f  xviii,  1647,  July,  1885.  o.  f.  b. 

4.  17^  Decomposition  of  Carbon  dioxide  by  the  Electric 
ipark. — In  consequence  of  an  observation  showing  that  no  ex- 
plosion is  propagated  by  a  spark  in  a  mixture  of  carbon  mon- 
oxide and  oxygen  which  has  been  dried  over  phosphoric  oxide, 
made  by  Dixok,  he  has  undertaken,  assisted  bv  Lows,  the  study 
of  the  action  of  the  electric  spark  upon  carbon  dioxide  when 
similarly  dried.  The  gas  carefully  dried  over  phosphoric  oxide, 
was  placed  in  a  eudiometer  and,  by  means  of  a  chain  compoeed 
of  short  pieces  of  platinum  fused  into  small  glass  beads,  was  sub- 
mitted to  the  action  of  a  series  of  induction  sparks.  The  amount 
of  decomposition  varied  from  time  to  time,  but  approached  no 
fixed  limit;  the  maximum  decomposition  being  about  45  per  cent 
under  100  mm.  pressure.  Placing  a  condenser  in  the  secondary 
circuit,  diminished  the  effect.  To  test  the  effect  of  varying  the 
length  of  the  spark,  a  eudiometer  was  next  employed  which  had 
two  pairs  of  platinum  wires,  the  ends  beine  1*5  mm.  and  6  mm. 

Sart.  respectively.  On  passing  the  spark  through  52*10  c.  c.  of 
e  perfectly  dried  gas,  between  the  formef  terminals,  the  vol- 
ume began  soon  to  increase,  attaining  finally  62*34  c.  c. ;  showing 
a  decomposition  of  39  08  per  cent  of  the  CO,  into  CO  and  O.  In 
a  second  experiment  in  which  the  sparks  passed  continuously  for  six 
hours,  the  decomposition  was  33*97  per  cent.  When  the  spark 
passed  through  the  wider  space  for  five  hours,  the  decomposition 
was  80*20  per  cent.  Returning  to  the  shorter  spark  the  coil  was 
left  running  over  night  with  one  cell  of  battery.  In  the  morning 
it  had  stopped  and  the  decomposition  was  43*33  per  cent.  In 
these  experiments  the  pressure  was  about  500  mm.  and  the  tem- 
perature varied  from  10°  to  15°.  It  is  therefore  clear  that  the 
shorter  spark  produced  the  greater  decomposition.  Since  the 
variations  of  volume  due  to  changes  in  the  nature  of  the  electric 
discharge,  mask  the  effect  of  varying  pressures,  a  differential 
process  was  resorted  to.  Two  similar  euaiometers  were  prepared 
and  fitted  with  wires  made  of  platinum-iridium  alloy,  each  termi- 
nating in  a  2  mm.  ball,  the  distance  between  them  being  the  same 
in  the  two  tubes.  When  a  series  of  sparks  was  sent  simultane- 
ously through  both  tubes  containing  dry  CO,,  the  effect  was  the 
same  in  both,  the  volumes  varying  together  so  long  as  the  pres- 
sure was  preserved  constant.  The  greater  decomposition  was 
produced  by  the  feebler  spark  and  under  the  less  pressure.  When 
100  volumes  of  dry  CO  were  placed  in  one  tube  and  150  volumes 
of  a  dry  mixture  of  canjon  monoxide  and  oxygen  were  placed  in 
the  other,  and  a  series  of  sparks  from  the  same  coil  was  passed 
through  both,  the  volume  of  CO,  increased  and  that  of  the  CO 
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and  O  diminished  until  after  some  hours  they  became  equal  under 
the  same  pressure.  On  continuing  the  spark  the  volumes  in  the 
two  tubes  altered  together,  increasing  or  diminishing  as  the 
nature  of  the  spark  varied.  Since  a  white-hot  coil  of  platinam 
wire  produces  no  permanent  alteration  of  volume  in  ary  CO^; 
and  since  Deville  has  shown  the  dissociation  of  CO,  in  contact 
with  white  hot  platinum  ;  it  follows  that  the  dissociated  CO  and 
O  must  at  once  reunite  under  these  conditions.  Hence  the  author 
predicted  that  a  white  hot  platinum  wire  would  produce  complete 
combination  of  dry  CO  and  O,  even  without  explosion.  On  heat- 
ing the  platinum  coil  to  redness  in  the  carefully  dried  mixture,  it 
at  once  glowed  intensely  and  in  a  few  minutes  complete  combina- 
tion was  found  to  have  taken  place.  From  this  result  the  authors 
conclude  that  while  hydrogen  unites  with  chlorine  and  iodine 
directly,  carbon  monoxide  and  oxygen  require  an  intermediary  to 
effect  their  combination. — J,  Chem,  Soc,  xlvii,  571,  August,  1885. 

G.  F.  R 

5.  0?i  the  direct  synthesis  of  JBenzene  derivatives  by  the  action 
of  Potassium  on  Carbon  monoxide. — Niktzki  and  Bbnckiser 
have  repeated  Lerch's  experiments  on  the  explosive  compound  of 
potassium  and  carbon  monoxide  which  is  formed  in  preparing 
this  metal,  and  have  proved  that  the  derivatives  he  obtained  from 
it,  trihydrocarboxylic,  dihydrocarboxylic  and  carboxylic  acids  are 
identical  with  the  hexaoxybenzene,  tetraoxyquinone  and  dioxydi- 
quinoylbenzene  respectively,  already  described  by  them.  The 
carbonyl-potassium  was  obtained  by  passing  a  current  of  CO, 
completely  dried  and  freed  from  oxygen,  over  potassium  heated 
to  melting  in  a  combustion  tube.  At  the  close  of  the  experiment 
the  potassium  had  increased  in  weight  about  70  per  cent ;  con- 
firming Brodie's  view  that  one  molecule  of  CO  was  absorbed  for 
each  atom  of  K.  The  product  was  a  solid  grayish  mass  with 
here  and  there  patches  of  a  red-brown,  green  or  black  color. 
After  cooling,  the  tube  may  be  filled  with  strong  alcohol  without 
danger  of  explosion.  On  treating  the  crude  product  with  hydro- 
gen chloride,  hexaoxybenzene  0^(011)^  is  produced,  which  proves 
that  the  carbonyl-potassium  is  most  probably  C  (OK),  or  potas- 
sium-hexaoxybenzene.  The  former  is  accompanied  however  by 
tetraoxyquinone,  its  first  oxidation  product  from  which  it  may 
perhaps  be  formed  during  the  solution  in  HCl,  by  the  reducing 
action  of  the  K  still  present  upon  the  corresponding  potassium 
compound  directly  produced:  (CO),-f-K^=Cg(OK)^0,.  Toasce^ 
tain  tins  the  freshly-prepared  carbonyl  potassium  was  dissolved 
in  acetic  oxide  and  precipitated  by  water.  The  brown  precipi- 
tate crystallized  from  glacial  acetic  acid  gave  the  characteristic 
hexaacetylhexaoxybenzene.  The  residue  after  treating  the  crude 
product  with  alcohol  is  a  dark  green  powder,  which  turns  red  in 
the  air,  and  which  boiled  with  HCl  dissolves  with  a  brownish 
red  color.  On  cooling  the  solution  deposits  stellate  groups  of 
steel-blue  needles  of  tetraoxyquinone  CjiOH)^0^  If  tne  crude 
product  be  washed  with  dilute  alcohol  it  turns  red  and  finally 
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produces  an  oohre-red  powder,  the  so-called  rhodizonic  acid.  This 
the  authors  find  to  be  identical  with  their  dioxydichinoylben- 
xene  C,(OH),0,.— J?er.  Berl  Chem,  Ges.,  xviii,  1833,  July,  1885. 

6.  F.  B. 

6.  Composition  of  Ocean  water, — Mb.  W.  DnrMAB  has  given 
(Proc.  Phil.  Soc.  Glasgow,  vol.  xvi,  Dec.  3,  1884)  a  summary  of 
his  results  obtained  in  the  investigation  of  the  specimens  of  ocean 
water  brought  home  by  the  Challenger  expedition.  We  cite 
briefly  from  this  abstract.  Mr.  Dittmar  remarks  in  the  outset  on 
the  small  change  in  the  constitution  of  the  solids  in  solution  in  the 
ocean  producea  by  the  contributions  of  rivers,  stating  that  the 
estimated  annual  amount  from  the  thirteen  principal  invers  of  the 
earth,  1*337  X  10*  tons  (of  1000  kilos  each),  when  compared  with 
the  amount  in  the  ocean  water  of  dissolved  solids  (46,280  billion 
tons  in  the  1*3  trillion  tons  of  water),  is  so  small  that  it  would 
take  30,000  times  as  much  to  tell  distinctly  on  the  most  exact  sea- 
water  analysis  which  could  be  made  by  our  present  methods. 

The  water  was  found  to  contain  an  appreciable  amount  of  base 
over  and  above  that  which  would  neutralize  the  two  principal 
acids,  and  this  is  in  the  state  of  carbonate  ;  and  part  of  this  car- 
bonate must  be  carbonate  of  lime.  From  the  mean  results  of 
77  analyses,  this  surplus  base  per  1,000  "[rams  of  ocean  water 
is  equivalent  to  0*25  grams  of  carbonate  ol  lime  ;  but  this  number 
may  need  a  correction,  considered  beyond.  The  following  table 
gives  the  results  of  Mr.  Dittmar's  77  analyses: 

Average  composition  of  Ocean-water  Salts, 

Per  100  parts  Per  lOO  of  HRlogen  calcalated 

of  Total  Salts.  as  Chlorine. 

Dittmar.  Dittmar.  Forchhammer. 

Chlorine 55292    ),  99848  Not  determined. 

Bromine • 01884)                 0  .S402  Not  determined. 

Sulphuric  acid,  SO, 6410  11-576  11-88 

Carbonic  acid,  CO, 0152                      0-2742  Not  determined. 

Lime,  CaO 1-676                      3026  293 

ICagneaia,  MgO 6*209  11-212  1103 

Potash,  K,0. 1-332                      24^5  1-93 

Soda,  Na,0 41-2.^4  74-462  Not  determined. 

^Basic  oxygen  equivalent  to 

the  halogens) (-12-493)                    

Total  salts 100000  180-684  1811 

Combining  acids  and  bases,  we  have  (Dittmar) — 

Chloride  of  sodium 77758 

Chloride  of  mag^iesium 10-878 

Sulphate  of  magnesium 4*737 

Sulphate  of  lime 3-600 

Sulphate  of  potash 2465 

Bromide  of  magnesium 0-217 

Carbonate  of  lime 0*345 

Total  salts 100000 

*  ISqaal  oonjointlj  to  55-376  parts  of  chlorine,  which  accordingly  is  the  per- 
«Mitage  of  *' halogen  reckoned  as  chlorine  "  in  the  real  total  solids. 

1 
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Reducing  to  the  absolute  mass  of  the  ocean  as  given  above,  we 
arrive  at  the  following  numbers  : 

Absolute  composition  of  the  Salts  of  the  Ocean. 

Unit=1  BiLuoNsiQi*  Tons. 

Chloride  of  sodium 36990 

Chloride  of  magnesium 5034 

Sulphate  of  maprnesium 2192 

Sulphate  of  lime... 1666 

Sulphate  of  potash 1140 

Bromide  of  magaesium 100 

Carbonate  of  lime 160 

46283 

Total  bromine 87-2  (W.  D.) 

Total  iodine 0*03  (Kottstorfer.) 

Total  chloride  of  rubidium 260  (C.  Schmidt.) 

Mr.  Dittmar  adopted  Tornoe's  expression  numerically  for  the 
aXkalinity  of  the  water  by  statin?  the  number  of  milligrams  of 
CO,  which  would  convert  the  surplus  base  into  normal  carbonate, 
and  referring  it  to  one  litre  of  sea-water  analyzed,  or — to  get  rid 
of  degree  of  salinity — referring  it  to  100  parts  by  weight  of  total 
salts  in  the  water,  or  to  55*42  parts  of  halogen  counted  as  chlorine. 
The  statement  that  the  alkalinity  =  *154  signifies  that  per  100 
parts  of  total  salts  the  water  contains  0*154  parts  of  CO,  as  nor- 
mal carbonate,  or  rather  in  the  R'0,CO,  part  of  the  carbonate  a» 
formulated.  The  alkalinity  ranged  from  Q*140  to  0*164,  with  a 
tendency  to  the  highest  results  in  the  bottom  waters.  One  cause 
of  more  lime  carbonate  in  the  bottom  waters  is  found  in  the  shells 
of  dead  crustaceans,  etc.,  over  the  bottom.  Some  free  CO,  also 
may  be  present. 

The  salinity  of  the  waters  is  oceanographically  a  function  of 
the  geographic  position,  depth,  and  time.  Mr.  Dittmar  deter- 
mined, from  comparisons  of  ascertained  specific  gravities  with 
chlorine  determinations,  that  the  per-millage  of  chlorine  in  an 
ocean  water  at  a  given  temperature  is  proportional  to  the  excess 
of  its  specific  gravity  above  that  of  pure  water  at  the  same  tem- 
perature.    This  is  expressed  in  the  formula, 

where  ^St  denotes  the  specific  gravity  of  sea-water,  and  ^W^  that 
of  pure  water  at  t*,  both  referred  to  pure  water  at  -f4*  C.  as 
=  1000,  while  a,  by  and  c  are  constants  having  the  values 

a=  1*45993,  ^=--0*0055922,  0=0*0000649. 

The  results  agree  closely  with  the  determinations  of  specific 
gravities  of  Challenger  waters  by  Mr.  Buchanan,  of  the  Challenger 
expedition. 

The  atmospheric  constituents  of  the  waters  were  also  studied. 
Buchanan  followed  Jacobsen's  method  in  collecting  the  gases  from 
the  waters.  Mr.  Dittmar  found  that  in  the  surface  waters  the 
oxygen  and  nitrogen  vary  in  amount  from  temperature,  but  the 
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waters  nowhere  contain  more  than  15*6  c.c.  of  nitrogen  or  more 
than  8*18  c.c.  of  oxygen  per  liter;  and  that  the  nitrogen  never 
&ll8  below  8*55  c.c.  The  oxygen  is  diminished  below  its  theoret- 
ical minimum  4*30  c.c.  by  the  processes  of  life  and  organic  decom- 
position and  other  oxidation  changes.  In  waters  at  depths  the 
variation  in  amount  of  oxygen  is  greater,  because  of  the  feeble 
source  of  supply  and  the  losses  from  oxidation.  No  deep-sea 
water  was  found,  in  the  analyses,  wholly  without  free  oxygen^ 
and  this  "confirms  the  conviction  that  absolute  stagnation  no- 
where exists  in  the  ocean,  not  even  at  its  greatest  depths.'^  But 
in  one  sample  the  amount  of  cubic  centimeters  per  liter  was  found 
to  be  15*08  N,  and 06  O ;  in  another  13-88  N, and  2*04  O ;  "  indi- 
cating approximate  rest  at  these  two  places  at  any  rate.''  At  the 
ocean's  surface  the  equilibrium  in  the  absorbed  nitrogen  and 
oxygen  is  maintained  by  the  atmosphere. 

As  to  carbonic  add  in  searwatcTy  all  the  waters  were  found  to 
contain  it,  and  those  from  the  deep  sea  were  particularly  rich  in 
it.  The  analyses  prove  that  "  if  sea-water  anywhere  contains  free 
CO,  at  all,  it  amounts  to  little  in  comparison  even  with  the  com- 
bined CO,  of  the  carbonates."  But  sea- water  may  give  off  CO, 
even  when  only  enough  is  present  to  make  all  the  lime  bicarbonate. 
Experiments  showed  that  the  loss  may  continue  until  there  re- 
mains only  what  is  necessary  to  make  the  lime  a  sesquicarbonate. 
"In  surface  waters  the  proportion  of  carbonic  acid  increases  when 
the  temperature  falls,  and  vice  versa ;"  and  ''  within  equal  ranges 
of  temperature  it  seems  to  be  lower  in  the  surface  water  of  the 
Pacific  than  it  is  in  tliat  of  the  Atlantic  Ocean."  Free  carbonic 
acid  is,  however,  occasionally  in  rather  large  proportion,  *J!2  out 
of  105  waters  analyzed  by  Mr.  Buchanan  having  their  surplus 
base  at  least  fully  saturated,  and  one,  although  a  surface  water 
at  25*1°  C,  contained  as  much  as  41  milligrams  of  free  CO.  per 
liter." 

The  total  weight  of  potential  carbonate  of  lime  in  the  ocean 
amounts  to  160  billion  tons,  equal  to  70  such  units  of  CO,;  but  as 
the  CO,  is  present  as  partially  saturated  bicarbonate,  105  billion 
tons  may  be  accepted  as  a  rough  approximation.  The  source  of 
this  CO,  Mr.  Dittmar  supposes  to  be  from  submarine  volcanic 
action.  As  volcanoes  get  the  CO,  by  decomposing  limestone 
about  the  conduit,  it  would  in  that  case  come  from  the  calcareous 
material  of  the  ocean's  depths,  or  from  the  earth's  crust  beneath, 
set  free  by  volcanic  heat. 

The  total  weight  of  loose  CO,  in  the  ocean  is  at  least  16  times 
greater  than  that  of  the  free  CO,  in  the  air.  If  the  amount  of 
Ume  carbonate  contributed  bv  all  the  rivers  of  the  world  is  as- 
sumed  to  equal  the  total  solids  which  the  thirteen  rivers  before 
named  contribute,  1*3375X10*  tons,  it  would  take  them  1194 
years  to  increase  the  amount  in  the  ocean  one  per  cent  of  its  pres- 
ent value,  the  sum  total  of  the  carbonate  of  lime  of  the  ocean 
being  160  billion  of  tons. 
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II.    Geology  and  Mineralogy. 

1.  On  the  development  of  CryataUizcUion  in  the  Igneous  rockt 
of  Washoe^  Nevada y  with  notes  on  the  Oeology  of  the  District; 
by  Abnold  Hague  and  J.  P.  Iddinos.  Bulletin  No.  17  of  the 
XL  S.  Geol.  Survey.  44  pp.  8vo.  Washington,  1885. — ^This 
memoir  is  one  of  the  most  important  and  widc^bearing  that  has 
oome  from  the  U.  S.  Geological  Survey.  It  is  "  the  result  of  an 
investigation  of  the  extensive  and  well-selected  lithological  mate- 
rial collected  by  Mr.  G.  F.  Becker  during  his  examination  of  the 
geological  lode;"  and  illustrates  the  fact — doubted  and  denied 
by  many  geologists — that  the  rock  of  an  igneous  eruption  may 
vary  in  crystallization  from  true  lavas  of  glass-containing  igneous 
rocks  in  an  upper  or  outer  region,  to  completely  crystalline  kinds, 
granite-like  in  texture,  in  a  lower  or  inner  region. 

The  grand  section  through  igneous  rocks— over  four  miles  long 
— afforded  by  the  Sutro  tunnel,  and  the  vertical  sections  in  shafts 
2,000  to  3,000  feet  deep,  make  the  Washoe  region  especially 
favorable  for  such  an  investigation.  The  great  dinerences 
between  the  rocks  of  the  territory  led  Mr.  Becker,  in  his  report, 
to  recognize,  in  accordance  with  German  teaching,  two  groups 
among  them,  a  Tertiai*y  and  a  pre-Tertiary ;  and  the  same  dis- 
tinction was  made  out  in  his  study  of  the  rocks  met  with  on 
descending  in  the  mine,  the  lower  being  of  the  older  division. 
The  specimens  collected  in  his  careful  investigation  of  the  region 
number  more  than  2,000,  600  of  them  from  the  surface  rocks,  and 
over  1,400  from  underground.  The  rocks  made  out  by  him  were 
granular  diorite,  porphyritic  diorite,  micaceous  diorite-porphyry, 
quartz-porphyry,  earlier-diabase,  later-diabase,  earlier-hornblende- 
andesite,  augite-andeaite,  later-hornblende-andesite,  basalt. 

Messrs.  Hague  and  Iddings,  after  a  microscopic  study  of  thin 
sections  of  the  various  rocks  (over  600  in  number),  have  obtained 
the  following  results. 

The  study  of  the  diabase  and  augite-andesite  (of  which  there 
were  140  thin  sections)  shows,  ^r^f,  "the  absolute  identity,"  in 
nature  and  occurrence,  of  the  mineral  constituents  of  the  two 
rocks,  so  that  many  kinds  under  each  are  not  distinguishable; 
seco7idLy^  a  gradual  transition  from  a  microlitic  glassy  ground- 
mass  to  a  holocrystalline ;  and  from  microscopically  fine-grained 
to  coarse-grained  and  porphyritic  varieties.  These  two  points 
are  established  by  finding  imperceptible  gradations,  in  all  respects, 
between  the  diabase  and  augite-andesite.  A  study  of  the  succes- 
sive rocks  along  the  Sutro  tunnel  sustains  the  conclusions  that  the 
glass-bearing  rocks  are  the  exterior;  that  the  degree  of  crystal- 
lization increases  inward ;  that  the  two  kinds  of  rocks  here  con- 
sidered are  for  the  most  part  indistinguishable. 

The  granular-diorite^  at  the  head  of  the  Sutro  tunnel,  was 
proved  to  belong  with  the  pyroxene  rocks.  The  same  rock  from 
Mt.  Davidson  and  Ophir  Ravine  was  found  to  be  identical  with 
the  coarse-grained  diabase. 
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Porphyritic  diorite  and  Earlier-Homblende-andesite.  All  shades 
of  gradations  between  these  two  rocks  occur.  Transitions  from 
glassy  varieties  to  the  most  crystalline  are  well  seen  about  Mt. 
Davidson  and  elsewhere.  A  comparison  of  sixty  thin  sections 
failed  to  make  out  any  distinguishing  features.  Some  of  these 
Earlier  Hornblende-andesites  are  glass-bearing. 

Mica-diorite  and  Later  Homblende^ndesite,  For  the  latter 
rock  the  name  homblende-mica-andesite  is  stated  to  be  better,  as 
the  mica  is  an  essential  ingredient,  and  distinguishes  it  from  the 
earlier-hornblende-andesite.  But  from  the  varieties  of  mica- 
diorite  it  is  indistinguishable ;  there  is  great  variation  in  macro- 
scopic aspect  and  this  makes  more  forcible  ''  the  absolute  identity 
of  the  two  rocks."  The  coarsest  variety  of  the  mica-bearing 
diorite  is  "  thoroughly  granite-like  in  cUl  its  mirieral  constituents^'^ 
while  at  the  other  end  of  the  scale  of  gradations  there  are  kinds 
having  a  glassy  ground-mass  crowded  with  microlites,  and  these 
are  the  surface  kinds. 

Quartz-porphyry^  Dacite  and  Rhyolite.  These  rocks  were 
made  pre-Tertiary  by  von  Richtofen  and  Becker,  and  Tertiary  by 
Mr.  Clarence  King ;  and  the  latter  conclusion  is  that  of  Messrs. 
Hague  and  Iddings.  They  are  for  the  most  part  rich  in  crystals 
of  quartz,  feldspar  and  mica,  with  some  hornblende,  but  the 
dacite  contains  less  quartz  and  less  hornblende.  The  examination 
leads  to  the  conclusion,  that  while  there  are  great  variations  in 
texture,  color  and  density,  there  exist  no  petrographic  distinctions 
between  them. 

Younger-ZHabase,  JBlack  Dike^  JBasalt,  The  younger- diabase, 
a  pre-Tertiary  rock,  occurs  as  a  narrow  dike  for  more  than  a  mile 
along  the  lower  levels  of  the  Washoe  mines ;  its  upper  part  makes 
the  Black  Dike.  A  comparison  of  thin  sections  of  the  surface 
basalt  and  the  diabase  shows  that  there  are  no  petrographic  dis- 
tinctions between  these  olivine-bearing  rocks. 

The  comparisons  of  these  various  rocks  as  regards  chemical 
composition — using  analyses  in  Becker's  work,  with  three  new 
ones — sustains  the  close  similarity  of  the  augite-andesites,  horn- 
blende-andesites  and  hornblende-mica-andesites.  The  silica  in 
augite-andesites  and  hornblende-andesites  varies  most  in  per- 
centage, but  only  from  66*40  to  60*82.  The  hornblende-mica- 
andesites  and  mica-andesites  have  63*30  to  65-68  per  cent  of  silica. 
Silica  determinations  of  five  pyroxene-andesites  and  hornblende- 
andesites  from  other  localities  (near  the  base  of  Mt.  Davidson), 
give  for  the  silica  66*66  to  67*06  per  cent,  showing  remarkable 
uniformity. 

The  authors  conclude : 

That  the  degree  of  crystallization  developed  in  igneous  rocks 
is  mainly  dependent  on  the  conditions  of  heat  and  pressure  under 
which  the  mass  has  cooled,  and  is  independent  of  geological  time. 
The  same  magma  has  given  origin  to  the  most  glassy  and  the 
most  granite-like  kinds,  the  most  modern-looking  and  the  most 
ancient-looking,  the  glassy  kinds  occurring  at  or  near  the  surface. 
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while  those  at  considerable  depths  cooled  slowly  and  became 
wholly  crystalline  in  texture. 

That  all  the  Washoe  regions  are  of  Tertiary  age. 

That  the  so-called  granular  diorite,  diabase,  and  augite-andesite 
are  identical  and  belong  to  the  same  geological  body ;  that  the 
porphyritic  diorite  and  homblende-andesite  are  identical,  and 
should  bear  the  latter  name;  that  the  so-called  mica-diorite  is 
identical  with  the  later-homblende-andesite ;  that  the  quartz- 
porphyry  resolves  itself  into  both  dacite  and  rhyolite ;  that  the 
later-diabase  and  the  basalt  are  one  in  rock,  the  former  known  as 
a  dike  and  the  latter  in  flat-topped  masses. 

That  the  Comstock  lode  occupies  a  fissue  along  a  line  of  fault- 
ing in  a  rock  of  Tertiary  age,  and  cannot  be  considered  as  a  con- 
tact vein  between  two  different  rock-masses. 

The  facts  from  the  great  sections  of  Washoe  rocks  so  carefully 
investigated  are  of  fundamental  importance  to  petrography.  Ab 
far  as  igneous  rocks  are  concerned,  they  seem  to  demolish  the 
system  of  rock-classification  now  most  popular;  for,  takine  out  the 
distinctions  of  earlier  and  later ;  and  tnat  of  granitoid,  micro- 
crystalline  and  glass-bearing,  among  rocks  and  groups  of  rocks, 
the  system  goes  to  pieces,  and  the  definition  of  epeciee  or  kindi 
among  rocks  will  have  to  fall  back,  with  some  exceptions,  on  the 
reasonable  ground  of  mineral  constitution  irrespective  of  age  and 
texture.  j.  d.  d. 

2.  A  crystaUographic  Study  of  the  TTiinalite  froim  Zake 
Lahontan ;  by  Edward  S.  Dana  (Bulletin  of  the  U.  S.  GkoL 
Survey,  No.  12). — The  calcareous  tufas  of  Lake  Lahontan,  the 
great  Quaternary  lake  of  northwestern  Nevada,  were  called 
thinolite  by  King  in  his  Report  of  the  Survey  of  the  40th  Par- 
allel, in  allusion  to  the  fact  that  they  were  a  shore  deposit  (5tV, 
shore).  Of  these  tufas  a  certain  limited  portion  is  crystalline  in 
character,  and  a  study  of  its  forms,  as  remarked  more  particu- 
larly later,  led  Mr.  King  to  the  conclusion  that  it  was  a  pseudo- 
morph  after  the  mineral  gay-lussite;  and  he  bases  his  explanation 
of  the  history  of  the  lake  upon  this  hypothesis.  The  relations 
of  the  tufas  of  Lake  Lahontan  have  been  since  then  tborooghly 
studied  by  Mr.  I.  C.  Russell.  He  shows  that  there  are  three  dis- 
tinct varieties,  the  Uthoid  or  stone-like,  the  thinolithiCf  or  crys 
talline  and  the  dendritic;  these  were  deposited  at  differeDt  stages 
in  the  Lake's  history  in  the  order  named.  The  chief  interest  at- 
taches to  the  crystalline  variety,  or  thinolite  proper,  and  it  is  to 
the  description  of  this  that  the  Bulletin  No.  12  is  devoted.  It  ii 
found  well  developed  at  a  number  of  different  points  in  the 
Lahontan  basin,  conspicuously  about  Pyramid  Lake,  and  outside 
of  it  in  that  of  Mono  Lake ;  where  best  exposed  it  forms  a  layer 
of  interlacing  crystals  six  or  eight  feet  in  thickness.  Cbemieally 
the  thinolite  consists  of  almost  pure  calcium  carbonate.     As  re- 

fards  general  aspect,  many  varieties  are  found,  from  the  open, 
elicately  porous    form,  skeleton-like  in  character,  to  that  wnicli 
is  firmly  compact  and  has  a  smooth  exterior.     The  form  of  the 
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idnal  crystal  is  roagbly  either  that  of  a  reotangnlar  pruni, 
with  projecting  edg«B  and  seneralty  tapering  off  toward 
ixtremities  (see  figs.  ],  4,  T,  8),  or  that  of  an  acute  aquace 
lombic  pyramid  (fig.  9).  Crystals  of  the  former  kind  an 
ly  grouped  in  a  more  or  less  closely  parallel  position  with 
little  interlacing,  the  individaal  crystals  having  a  length  up 
or  10  inohuB;  when  the  crystals  are  smaller,  however,  th«y 
penetrate  each  other  and  give  the  maas  a  retionlated  aspect. 


distinctly  pyramidal  crystals  are  generally  small  and  project 
the  mass  in  all  directions. 

the  true  crystalline  structure  of  the  thinolite  bat  little  oau 
efinitely  concluded  from  the  external  examination  of  the 
inens.  It  is  only  when  sections  have  been  cut,  transverse 
longitudinal,  that  the  form  is  revealed.  The  transverse  sec- 
show  uniformly  a  system  of  square  or  rectangular  ribs  with 
-e  in  a  diagonal  position,  intersecting  at  an  angle  of  about 
In  the  porous  kmda  the  section  cut  shows  these  ribs  alone. 


892  Scientific  IntdUgenoe, 

the  iDtervenin^  spaces  being  open  ;  this  is  illustrated  in  fig.  10^ 
which  is  a  section  cut  across  the  crystal  shown  in  fig.  1  at  the  point 
indicated.  In  the  more  compact  varieties  the  spaces  between  the 
skeleton  ribs,  which  uniformly  consist  of  granular  calcite,  are 
more  or  less  completely  filled  with  amorphous  calcite,  often  in 
concentric  layers;  this  is  shown  in  fig.  11  cut  from  the  base  of 
the  crystal  shown  in  fig.  8,  and  still  more  in  fig.  12  cut  at  the 
point  indicated  from  the  crystal  shown  in  fig.  9.  A  longitudinal 
section  of  a  crystal  resembling  fig.  I  is  shown  in  fig.  4  and  reveaU 
a  system  of  plates  converging  toward  one  extremity  at  an  ap- 
proximate angle  of  36°. 

The  arrangement  of  the  system  of  plates  of  which  these  psea- 
domorphous  crystals  are  made  up,  as  shown  in  the  figures,  proves 
that  the  crystals  conformed  approximately  to  the  type  of  an 
acute  square  pyramid.  The  structure  of  numerous  dissected  crys- 
tals, as  shown  in  figs.  2,  3  and  5,  which  are  not  uncommon  in 
some  of  the  specimens,  conforms  to  this  type ;  as  does  also  the 
external  form  whenever  distinct.  Provisionally  then  it  is  con- 
eluded  that  the  original  mineral,  after  which  the  thinolite  is  a 
pseudomorph,  crystallized  in  the  tetragonal  system  in  kcute  pyram- 
idal forms.  The  crystals  might  equally  well  be  referred  to  ao 
orthorhombic  or  monoclinic  form  approximating  to  the  tetragonal, 
but  the  simpler  hypothesis  seems  the  more  probable. 

Only  a  negative  conclusion  as  to  the  nature  of  the  orinnal 
mineral  is  definitely  reached,  viz :  that  it  could  not  have  oeen 
gay-lussite,  nor  gypsum,  nor  anhydrite,  nor  in  fact  any  known 
mineral.  It  is  suggested,  however,  in  view  of  the  fact  that  the 
crystals  resemble  in  form  the  pseudomorphs  of  lead  carbonate 
after  phosgenite  (PbCO,+PbCl,),  that  the  original  mineral  in 
this  case  may  have  been  an  isomorphous  salt  with  the  composi- 
tion CaCO.  +  CaCl,,  or  perhaps  CaC0+2NaCl.  The  value  of 
such  a  hypothesis  will  have  to  be  tested  by  synthetic  methods. 

In  conclusion  the  writer  calls  attention  to  the  resemblance  of 
many  of  the  thinolite  forms  (cf.  ^q,  6)  to  the  well  known  barley-corn 
pseudomorphs  of  Sangerhausen,  long  referred  to  gay-lussite,  al- 
though that  explanation  was  shown  hj  DesCloizeaux  to  be  errone- 
ous. It  was  this  resemblance  which  chiefly  led  Mr.  King  to  refer  the 
thinolite  also  to  gay-lussite.  Pseudomorphs  of  calcium  carbonate 
apparently  identical  with  those  from  Sangerhausen  have  been 
described  from  half  a  dozen  other  localities,  and  it  is  suggested 
here  that  probably  all  of  them,  and  the  thinolite  also,  were  derived 
from  the  same  original  mineral.  The  ultimate  solution  is  there- 
fore much  to  be  desired  on  this  account,  as  well  as  because  it  is  so 
important  in  explaining  the  geological  history  of  Lake  Lahontan. 

3.  Address  before  the  Geological  Section  at  the  recent  meeting 
of  the  British  Association  at  Aberdeen^  by  the  President  of  the 
Section,  Prof.  J.  W.  Judd. — In  his  able  address  at  Aberdeen, 
Prof.  Judd  reviews  historically, ^r^^,  the  problem  of  the  Scottish 
Highlands;  secondly^  that  of  the  £lgin  sandstone;  thirdly,  the 
relations  between  Scottish  and  Scandinavian  geology ;  fourthlt/, 
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the  extent,  effects  and  geologicjal  history  of  faaltings  and  denu- 
dation, particularly  in  the  Scottish  Mountain  region. 

With  regard  to  the  Highland  controversy  he  points  out  that 
Ifacoulloch,  nearly  seventy  years  ago,  took  the  first  right  steps  in 
the  investigation  of  the  region,  proving  the  existence  of  a  great 
formation  of  red  sandstones  and  (jnartzyte,  distinct  from  the  '*  Old 
Red/'  and  finding  some  fossils  m  the  quartzytes  that  have  since 
beoD  proved  to  be  Paleozoic ;  and  recognizing  its  unconformabil- 
ity  to  underlying  crystalline  rocks  and  its  being  overlaid  with 
apparent  conformability  by  other  crystalline  schists  and  gneisses. 
In  1854,  Mr.  Charles  Peach  discovered  other  fossils  in  the  forma- 
tion which  settled  the  question  as  to  Paleozoic  age.  In  1856, 
Prof.  Kicol  showed  that  Macculloch's  "  Primary  Red  Sandstone  " 
formation,  included  two  series,  an  upper  fossiliterous,  and  a  lower 
mfossiliferous  which  was  unconformable  to  the  rest ;  and  to  the 
atter  he  eave  the  name  of  the  Torridon  sandstone.  In  1859  he 
cached,  m  opposition  to  other  investigators,  the  conclusions 
wYAoh  are  now  admitted  facts,  even  to  the  latest — that  the  appar- 
!iitly  conformable  succession  of  this  early  Paleozoic  series  mto 
overlying  schist  and  gneiss,  was  *'  due  to  the  thrusting  of  the 
trystalline  rocks  over  the  sedimentary  by  great  overthrow  faults  " 
iomparable  with  those  found  in  the  Alps.  These  results  were 
mbnshed  by  Professor  Nicol  in  the  Quarterly  Journal  of  the 
Geological  Society  for  1861.  The  conclusion  was  afterward  sup- 
>orted  by  some  other  observers,  but  it  took  more  than  twenty-five 
rears  for  his  results  to  gain  general  acceptance. 

The  review  of  the  close  relations  between  Scottish  and  Scandi- 
lavian  geology  as  regards  geography,  strata,  mountains  and 
nonntain-making,  faulting  and  denudation,  is  of  special  interest. 
rhe  Scottish  Highlands,  with  the  Hebrides  and  Donegal,  Orkney 
ind  Shetland,  are.  Prof.  Judd  observes,  "mere  outliers  of  the 
Scandinavian  peninsula ;"  and  geographical  separation  took  place 
18  late  as  the  Glacial  era. 

He  recognizes  fnlly  the  light  with  regard  to  the  mountain 
brmations  which  the  Highlands  received  from  the  work  of  Prof. 
Eiogers  on  the  Appalachians.  But  he  does  not  see  fit  to  give 
credit  for  the  principle  that,  among  crystalline  rocks,  lithology 
nay  serve  as  a  substitute  for  paleontological  evidence;  and  be 
5ven  throws  discredit  on  the  term  "  fundamental  gneiss "  of 
klurchison.  His  views  on  this  point  we  fully  endorse;  and  one 
sentence  is  almost  in  the  words  of  an  article  by  the  writer  read  in 
^u^ust  last  before  the  geological  section  of  the  American  Asso- 
nation.     We  cite  a  paragraph  : 

^'  I  confess  that,  speaking  for  myself,  I  am  not  sanguine  as  to 
;he  success  of  such  endeavors.  The  miserable  failures  which  we 
lave  seen  to  have  attended  similar  attempts,  in  the  case  even  of 
'ar  less  altered  rocks,  where  identifications  have  been  based  on 
nineralogical  resemblances  only  (and  in  connection  with  which 
lefinite  paleontological  or  stratigraphical  evidence  has  been  sub- 
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sequent! y  obtaiDed)  ought  surely  to  teach  us  caution  in  geDenUi- 
ing  from  such  uncertain  data.  Tt  has  been  argued  that,  where 
paleontological  evidence  is  wholly  wanting,  and  stratigraphical 
relations  are  doubtful  or  obscure,  then  we  may  be  allowed  to 
avail  ourselves  of  the  only  data  remaining  to  us — those  derivei 
from  mineralogical  resemblances.  But  surely,  in  such  cases,  it  ig 
wiser  to  admit  the  insufficiency  of  the  evidence,  and  to  say  '  We 
do  not  know  1'  rather  than  to  construct  for  ourselves  a '  fool's 
paradise,'  with  a  tree  of  pseudo-knowledge  bearing  the  Dead-Set 
fruit  of  a  barren  terminology  I  The  impatient  student  may  learn 
with  the  blind  poet  that . 

They  also  serve,  who  only  stand  and  wait. 

It  is  thought  by  some  that  the  application  of  the  microscope  to 
the  study  of  rock-masses  may  reveal  peculiarities  of  structure 
that  will  serve  as  a  substitute  for  paleontological  evidence  con- 
cerning the  age  of  a  rock  when  the  latter  is  wanting.  Greatly  u 
I  value  the  insight  afforded  to  us  by  the  microscope  when  it  is 
applied  to  the  study  of  the  rocks,  and  highly  as  I  esteem  the 
opmions  of  some  of  those  who  hold  these  views,  yet  I  fail  to  see 
that  any  such  connection  between  the  minute  structure  and  the 
geological  age  of  a  rock  has  as  yet  been  established." 

He  later  states,  with  regard  to  certain  Cambrian  beds  in  Scan- 
dinavia, that  Kjerulf  believes  there  is  evidence  of  their  passing 
horizontally  into  true  gneiss ;  and  adds  that  "  similar  appearaooes 
are  not  wanting  in  the  case  of  our  Torridon  sandstone,"  which  be 
is  disposed  to  refer  to  the  same  age,  though  leaving  the  ques- 
tion open  as  it  has  afforded  yet  no  fossils. 

The  fossiliferous  beds  overlying  the  Torridon  Sandstone  con- 
taining "  Primordial "  forms  of  trilobites  are  either  true  Cam- 
brian or  the  equivalent  of  the  American  Calciferous  and  Chazv. 
The  Triassic  rocks  of  Scandinavia  are  described  as  undistinguish- 
able  in  all  their  features  from  those  of  the  Highlands.  On  both 
sides  of  the  North  Sea  they  pass  up  insensibly  into  Rhietic  and 
Infra-lias  beds,  of  marine  and  estuary  origin  having  vast  thick- 
ness, though  thin  in  England,  and  having  coal  seams,  and  in 
Scania  many  plants  of  several  distinct  floras.  Over  these  in  each 
country  are  Jurassic  beds,  3000  to  4000  feet  thick,  with  other  coil 
beds  and  abundant  Ferns,  Cycads  and  Conifers;  and  the  upper 
Jurassic  beds  in  Sutherland  bear  evidence  of  forests  of  such 
trees,  and  at  the  same  time  of  transportation  on  large  rivers,  tt 
certain  seasons,  of  bowlders  of  vast  dimensions  by  floating  ice. 
The  following  epoch  of  the  Neocomian  was  apparently  a  time  of 
emergence  and  great  denudation ;  but  the  beds  of  the  Cretaceous 
once  covered  large  areas  in  the  Scottish  Highlands  and  Scandi- 
navia. The  Tertiary  period  left  few  stratified  deposits  in  either 
land,  but  was  an  era  of  great  sub-aerial  denudation,  stripping  the 
country  largely  of  Mesozoic  and  older  strata  "  except  where 
buried  deeply  by  gigantic  earth-throes  or  sealed  up  under  lavs 
streams."  In  the  west  of  Scotland  a  chain  of  volcanic  mountains 
with  summits  towering  to  the  height  of  10,000  to  15,000  feet  have 
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en  redooed  by  this  same  denudation  to  heights  of  little  more 
an  3000  feet.  Dislocations  of  one,  two  and  perhaps  three  miles 
amount,  parallel  in  general  to  the  Highlands  (N.E.  and  S.W.) 
ve  occurred  in  Paleozoic,  Mesozoic,  Cretaceous  and  Tertiary 
nes.  ^'  Great  strips  of  Triassic  and  Old  Red  Sandstone  strata, 
:e  those  of  Elgin  and  Turriff  and  Tomiutoul,  and  of  the  line  of 
e  Caledonian  Canal,  are  found  let  down  among  the  crystalline 
eks  by  the  gigantic  faults,"  and  in  the  Western  Highlands  dis- 
acements  of  several  thousands  of  feet  affect  the  older  Tertiary 
cks.  The  great  central  valley  of  Scotland  consists  of  Newer 
ileozoic  strata  faulted  down  between  the  Archsean  and  Older 
ileozoic  of  the  Highlands  on  one  side  and  the  Borderland  on  the 
her.  Fissures,  injected  by  lavas  from  the  great  Tertiary  vol- 
nic  foci  of  the  Western  Isles  and  Antrim,  cross  the  Highlands, 
e  central  valley,  the  Borderlands  of  Scotland  and  the  region  of 
condary  rocks  in  Northern  England. 

The  address  of  Prof.  Judd  is  a  very  valuable  contribution  to 
e  great  subjects  of  mountain  disturbances  and  denudation,  and 
K)  to  other  topics  connected  with  the  geology  of  the  higher 
^itodes.  J.  D.  D. 

4.  HesuUs  of  the  fusion  of  pyroxene  and  hornblende  minerals. 
The  Geological  Zeitschrift,  volume  xxxvii  (p.  10)  contains  an 
icle,  by  Mr.  Arthur  Becker,  entitled  "Fusion  experiments 
th  pyroxene  and  amphibole  minerals,  and  observations  on  olivine 
ains."  The  object  of  the  experiments  was  to  ascertain  "  whether 
3  crystalline  system  of  these  minerals  was  determined  absolutely 
their  chemical  composition."  For  this  purpose  the  author 
led  a  number  of  specimens  of  pyroxene  and  hornblende  in  a 
iiace  and  kept  them  as  near  the  melting  point  as  possible  for 
>in  8  to  36  hours,  and  then  allowed  them  to  cool  slowly.  He 
^seeded  in  obtaining  in  most  cases  an  almost  completely  crystal- 
e  mass,  the  characters  of  whose  crystals  he  carefully  studied 
th  the  microscope.  Of  the  orthorhorabic  system,  he  treated 
persthene,  bronzite,  enstatite  and  anthophyllite;  of  the  mono- 
Die,  augite  and  hornblende;  and  of  the  triclinic,  rhodonite, 
wlerite,  babingtonite  and  bustamite. 

The  following  are  the  results  of  his  experiments.  Although 
t  deciding  *.vith  certainty  whether  the  fused  triclinic  minerals 
oled  in  the  triclinic  or  the  monoclinic  system,  yet,  in  view  of  the 
ry  great  resemblance  to  the  mineral  in  the  unchanged  state,  he 
fers  that  the  original  form  is  retained.  As  to  the  orthorhombic 
d  monoclinic  pyroxene  and  amphibole  minerals,  the  experiments 
oved  that,  when  melted  and  cooled  under  the  conditions  stated, 
ey  "  crystallize  again  in  the  same  systems  to  which  the  original 
inerals  belonged ;  but  that  the  members  of  the  hornblende  series 
ol  as  augite." 

The  hornblende  from  Wolfsberg  in  Bohemia  yielded  results  of 
pecial  interest.  In  the  first  experiments  the  fused  mineral 
hibited  in  the  glassy  ground-mass  numerous  large  brown-violet, 
arply  defined  augites,  and  a  very  large  amount  of  small  bright 


896  Scientific  Intelligence, 

augite-microlites,  for  the  most  part  rounded.  Tbe  other  ezperi- 
meDt,  ''  in  which  the  temperature  of  the  fused  mass  during  the 
formation  of  the  crystals  was,  at  least  at  the  beginning,  somewhat 
higher,"  gave  a  product  consisting  of  a  brown  glassy  sub- 
stance out  of  which  some  whole  and  many  fragmentary  crystals 
of  olivine  projected,  which  contained  numerous  inclusions  of  the 
ground-mass."  The  olivine,  he  says,  according  to  his  experimenU 
and  those  of  others,  easily  forms  from  liquid  fusion  (provided,  of 
course,  the  chemical  composition  of  the  magma  allows)  when  it 
is  kept  for  a  long  time  at  a  pretty  high  temperature.  Besides  a 
considerable  number  of  brown  irregularly  defined  weakly-polaiu- 
ing  and  somewhat  dichroic  folia  separate  out,  such  as  Mr.  Becker 
had  obtained  in  a  former  experiment.  In  some  of  these  an  extiDo* 
tion  angle  of  2°-6°  in  the  longer  direction  was  observed.  They 
are,  according  to  this  experiment,  new  formations  and  not  incom- 
pletely  dissolved  mineral  particles.  He  observes  that  similar 
Drown  scales  exist  sometimes  in  natural  basalts,  and  questions 
whether  this  is  so  because  the  basaltic  hornblende,  which  melts 
more  easily  than  augite,  was  again  made  liquid  by  additional  heat 
and  then,  m  cooling,  as  in  this  experiment,  separated  into  olivine 
glass  and  this  compound.  a.  o.  d. 

6.  An  effect  near  Meraky  on  western  Java^  of  the  Krakaloa 
Eruption,  (From  a  paper  by  the  Rev.  Philip  Neale,  late  British 
Chaplain  at  Batavia,  m  Leisure  Hour.) — One  of  the  most  remark- 
able facts  concerning  the  inundation  remains  to  be  told.  As  we 
walked  or  scrambled  along,  we  were  much  surprised  to  find  great 
masses  of  white  coral  lying  at  the  side  of  our  path  in  every  direc- 
tion. Some  of  these  were  of  immense  size,  and  had  been  cast  up 
more  than  two  or  three  miles  from  the  seashore.  It  was  evident, 
as  they  were  of  coral  formation,  that  these  immense  blocks  of 
solid  rock  had  been  torn  up  from  their  ocean  bed  in  the  midst  of 
the  Sunda  Straits,  borne  inland  by  the  gigantic  wave,  and  finally 
left  on  tbe  land  several  miles  from  the  shore.  Any  one  who  had 
not  seen  the  sight  would  scarcely  credit  the  story.  The  feat 
seems  almost  an  impossible  one.  How  these  great  masses  could 
have  been  carried  so  far  into  the  interior  is  a  mystery,  and  hears 
out  what  I  have  said  in  previous  papers  as  to  the  height  of  this 
terrible  wave.  Many  of  these  rocks  were  from  twenty  to  thirty 
tons  in  weight,  and  some  of  the  largest  must  have  been  nearly 
double.  Lloyd's  agent,  who  was  with  me,  agreed  in  thinking  that 
we  could  not  be  mistaken  if  we  put  down  tbe  largest  block  of 
coral  rock  that  we  passed,  as  weighing  not  less  than  fifty  tons. 

6.  Geological  and  Natural  History  Survey  of  Minnesota  for 
1884.  N.  H.  WiNCHELL,  State  Geologist.  196  pp.  Svo. — Prot 
Wincbell  describes  in  this  report  and  gives  figures  of  the  Pri- 
mordial fossils  from  the  red  quartzyte  of  the  Pipestone  or  Cat- 
linite  region  of  Missouri,  noticed  on  page  816  of  this  volame. 
Tbe  species  described  are  named  Lingula  calumet^  the  shells  of 
which  are  distributed  in  great  numbers  through  portions  of  the 
rock,  and  Paradoxides  Barberi,    The  specimen  of  tbe  latter  has 
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length  of  five  inches,  and  may  be  three-fourths  of  the  whole 
limal.  It  is  distorted  and  somewhat  obscare  in  its  markings, 
It  appears  to  be  a  trae  fossil.  The  pipestone  beds  have  been  re- 
irded  as  Hnronian.  They  now  are  placed  with  the  earlier  Pri- 
ordial.  Prof.  Winchell  observes  that,  in  several  deep  wells  that 
kve  been  drilled  in  central  and  southeastern  Minnesota,  a  great 
ickness  of  red  and  green  shales  have  been  reached  which  may 
!  of  the  same  formation.  He  adds  that  red  gneisses,  felsytes 
id  porphyritic  felsytes  in  Wisconsin  overlie  the  red  quartzytes 
d  are  therefore  brought  within  the  Primordial  zone. 
The  report  contains  also  a  paper  by  Prof  N.  H,  Winchell  on 
e  crystalline  rocks  of  the  Northwest,  the  same  paper  that  he 
esented  to  the  Philadelphia  meeting  of  the  American  Associa- 
>n.  The  author  becomes  quite  earnest  in  his  defense  of  Em- 
:>n8's  Taconic  System.  He  says,  after  arguing  in  its  favor,  that 
;here  may  be  reasons  why  the  current  literature  of  American 
ology  is  almost  silent  respecting  the  great  work  of  Emmons, 
d  why  the  Taconic  is  not  known  among  the  recognized  geolog- 
il  formations."  And,  in  view  of  the  future  triumph  of  the  sys- 
oa,  it  is  added,  "  No  amount  of  error,  though  heaped  to  the  sky 
d  supported  by  the  highest  authority  can  long  subsist."  The 
'iter  of  this  notice,  though  apparently  among  those  aimed  at  in 
use  remarks,  does  not  feel  hit  by  them ;  for  he  has  for  fifteen 
ars  endeavored  by  hard  work  in  the  field  and  various  published 
pers  to  put  the  Taconic  system  into  current  geological  discussion, 
d  give  it  its  right  place  in  the  geological  series;  and  he  has 
11  more  to  say  on  the  subject  from  more  field  work.  Should 
e  Taconic  system,  in  the  process,  lose  its  identity,  the  time  will 
en  have  come  for  "  characterizing  in  deserved  terms  the  attempt 
bury  the  Taconic  in  the  Quebec  coffin  ;"*  and  we  shall  hope  to 
ve  from  Prof.  N.  H.  Winchell  the  obit  discourse. 
Among  the  other  contents  of  the  Report  are  geological  notes 
portions  of  Minnesota  by  Mr.  Warren  Upham ;  on  the  Forami- 
fera  and  other  organisms  of  the  bowlder  clay,  by  A.  Wood- 
ii-d  and  B.  W.  Thomas  (with  a  plate),  and  by  Dr.  George  M. 
awson ;  Notes  on  Blue  Earth  County,  by  Prof.  A.  F.  Bechdolt, 
which  an  interglacial  peat  bed  is  described.  j.  d.  d. 

7.  Underground  Temperatures. — ^The  Proceedings  of  the  Royal 
ciety  for  Feb.  12,  1885,  contain  an  abstract  of  a  paper  on 
derground  temperatures  by  Professor  J.  Prestwich.  The  au- 
or  reviews  the  published  facts,  and  the  conditions  in  the  several 
ses,  in  order  lo  eliminate  the  more  doubtful  ones  and  reach  the 
obable  normal  rate  of  decrease  in  temperature  or  thermic  gra- 
3nt.     The  various  determinations  give  a  range  in  the  rate  from 

'  In  this  expression,  Professor  Winchell  alhides  to  the  fact  that  Sir  William 
^n  referred  the  Taconic  series  (after  a  summer's  study  of  the  region  in  Massa- 
isetts,  and  the  determination  of  Vermont  fossils  by  Mr.  Billings)  to  the  Quebec 
)up,  regarded  as  the  middle  division  of  the  Lower  Silurian.  But  why  the  work 
this  honest  and  able  geologist,  which  deserves  only  praise,  should  call  out  re- 
re  from  any  geologist  and  from  one  who  has  never  studied  the  region  is  to  us 
splicable. 
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less  than  SO  to  more  than  120  feet  per  degree;  and  80  meters  for 
1**  C.  (=64-7  feet  for  1°  F.)  is  the  commonly  adopted  rate  in 
Europe,  while  in  England  50  feet  is  adopted  by  some  and  60  or 
more  by  others.  He  considers  the  conditions  m  (l)  coal  mines, 
(2)  other  mines,  and  (8)  artesian  wells  and  bore-holes ;  and  the 
action  in  modifying  temperature  taking  place  in  mines :  through 
(1)  ventilation,  (2^  underground  flows  of  water,  (8)  cbemioil 
reactions,  and  (4)  tne  workmg  operations  ;  and,  in  artesian  wells, 
from  (1)  pressure  of  water  on  the  thermometers,  and  (2)  convec- 
tion currents  in  the  column  of  water. 

In  the  ventilation  in  coal  pits  the  amount  of  air  passing  through 
varies  from  5000  to  150,000  cubic  feet  per  minute,  and  has  a  large 
cooling  effect.  It  is  generally  greatest  in  the  deepest  mines. 
The  escape  of  gas  from  a  blow-hole  is  also  cooling,  usually  low- 
ering the  temperature  2°  or  S° ;  and  in  one  case  the  temperature 
of  74°  F.  existed  in  the  coal  at  a  depth  of  1588  feet,  and  62**  P. 
in  a  hole  with  a  blower  of  gas  at  a  depth  of  1588  feet.  The  dis- 
charge of  water  causes  a  loss  of  heat.  On  the  other  hand,  a 
crushing  of  the  coal  raises  the  temperature.  There  is  also  varia- 
tion dependent  on  the  form  of  the  surface  above,  it  rising  under 
hills  ana  falling  under  vallevs.  For  correct  determinations  from 
coal  mines,  therefore,  the  height  of  the  pit  above  the  sea-level 
should  be  known;  the  exact  mean  temperature  of  the  place;  the 
depth,  at  each  station,  beneath  the  surface ;  the  temperature  of 
the  air  in  circulation  ;  the  length  of  exposure  of  face ;  whether 
there  is  discharge  of  gas  or  not ;  the  dip  of  the  strata,  and  the 
quantity  of  water  discharged. 

Eliminating  the  more  doubtful  observations,  the  seven  best— at 
Boldon,  North  Seat  on,  South  Hetton,  Rosebridge,  Wakefield, 
Li^ge  and  Mons, — give  a  mean  gradient  of  49^^  feet  for  1*  F. 
The  bore-boles  at  Blythswood,  South  Balgray  and  Creuzot,  give 
a  mean  of  60*8  feet. 

In  other  mines,  the  loss  of  heat  by  ventilation  is  much  less 
than  in  coal  mines  and  that  from  pumped  water  far  more.  In  the 
Gwennap  district,  where  650  acres  were  combined  for  drainage 
purposes,  above  20,000,000  gallons  have  been  discharged  m 
twenty-four  hours  from  a  depth  of  1200  feet;  the  water  issues  at 
temperatures  from  60°  to  68*  F.,  or  more  than  12°  above  the 
mean  of  the  climate,  showing  a  large  abstraction  of  heat  from 
the  rocks  through  which  the  waters  percolate.  Again,  surface 
waters  may  enter  and  lower  the  temperature.  The  underground 
currents  sometimes  raise  and  sometimes  lower  the  temperature  of 
the  rocks.  Mr.  Were  Fox,  in  his  many  careful  observations  on 
underground  temperatures  gave  preference  to  the  rocks,  and  Mr. 
Henwood,  an  equally  experienced  observer,  considered  the  spring* 
as  giving  surer  results.  The  ten  best  of  Mr.  Henwood's  observa- 
tions, at  depths  from  800  to  2000  feet,  give  a  mean  of  42*4  feet 
per  1°  F. ;  and  the  observations  in  eight  mines,  1100  to  2100 
feet  deep,  by  Mr.  Fox,  give  43*6  feet  per  1"  F.  The  observations 
in  European  mines  Professor  Prestwich  regards  as  too  uncertaia 
tor  use. 
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From  artesian  wells  and  borings,  when  the  connection  waters 
are  shut  off  by  tubing,  and  when  the  pressure  of  the  waters  on 
the  thermometer  was  guarded  against,  as  those  made  at  Kentish 
Town,  Richmond,  Sperenberg,  rregny  and  Ostend,  give  51*9 
feet  per  1**  F.  In  tnese  wells  the  waters  do  not  overflow.  In 
others  which  do  overflow,  and  which  should  therefore  give  the 
beet  results,  as  at  Grenelle,  Tours,  Hochefort,  Mondorff,  MUndcn 
and  others,  the  mean  afforded  is  50*2  feet  per  l  °  F.  In  the  Sahara 
Desert,  the  mean  from  1 1  overflowing  wells  at  depths  of  200  to 
400  feet  gave  36  feet  per  I**  F.  The  author  also  considers  the 
variations  resulting  from  difference  of  conductivity  in  rocks,  but 
makes  no  application  of  the  subject. 

The  mean  thermic  gradient  deduced  from  all  the  observations 
is  48  feet  per  1°  F. ;  but  this  is  considered  only  an  approximation. 
The  question  of  change  of  rate  downward  also  is  considered  but 
the  facts  reviewed  gave  as  regards  this  point  no  satisfactory 
leeult.  Professor  Prestwich  inquires  in  closing  whether  a  gra- 
dient of  45  feet  per  degree  may  not  be  nearer  the  true  normal 
than  48  feet. 

8.  Notes  on  the  Stratigraphy  of  California^  by  G.  F.  Bbokeb. 
TJ.  S.  Gkol.  Survey,  No.  19.  Washington,  1885. — In  this  paper, 
Mr.  Becker  treats  of  the  metamorphic  rocks  of  the  Coast  Han^res 
and  their  age;  their  identity  with  the  Mariposa  and  Knoxville 
beds,  but  non-conformity  with  the  Chico  beas ;  on  the  relations 
of  the  Coast  Ranges  and  the  Sierra  Nevada;  and  also  on  the 
California  Paleozoic  rocks,  and  other  points  in  California  Geology. 

The  age  of  the  metamorphic  rocks  of  the  Coast  Ranges  is 
shown  to  be  near  the  limits  of  the  Jurassic  and  Cretaceous. 
They  contain  species  of  Aucella  and  other  fossils  near  Knoxville, 
identified  by  Dr.  C.  A.  White,  and  the  beds  are  hence  named  the 
Knoxville  group.  Fossils  occur  also  on  Sulphur  Creek  in  Colusa 
Co.,  and  at  Mount  Diablo,  and  according  to  White,  near  the  New 
Almaden  Mine.  The  beds  consist  in  part  of  serpentine  which  is 
one  of  the  alteration  products,  as  described  by  Whitney  and  others. 
The  non-conformity  with  the  Chico  beds  being  established,  the 
period  of  Coast  Range  raetamorphisra  must  have  been  "before  the 
first  of  the  Wallala  beds  were  deposited  and  still  longer  before  the 
opening  of  the  Chico  period  " — or  "  neither  long  before  nor  long 
after  the  Neocomian." 

The  Mariposa  region  is  one  of  three  along  the  western  side  of  the 
Sierra  Nevada  which  affords  fossils  ;  it  is  a  narrow  strip  of  coun- 
try lying  along  the  foothills  from  Mariposa  to  Nevada,  which  is 
often  known  as  the  gold-belt  proper — and  its  fossils,  Aucella  {^A. 
Piochii)y  Belemnites,  etc  ,  are  regarded  as  showing  identity  with 
the  **  Knoxville  group."  The  rocks  resemble  those  of  the  latter 
group  in  kinds  and  in  the  prevalent  silicification  and  serpentiniza- 
tion.  Dr.  Becker  observes  that  neither  Dr.  White  nor  himself  could 
find  any  reason  for  maintaining  that  the  fossiliferous  rocks  were 
not  of  the  auriferous  series ;  or  for  dissenting  from  Prof.  Whit- 
ney's opinion  that  they  form  an  integral  portion  of  the  modern 
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Sierra  Nevada  Range.  From  the  facts  it  follows  that  the  Sierra 
and  Coast  Ranges  experienced  upheaval  long  before  the  era  of 
the  Chico  group ;  and  that  the  same  disturbance  which  deter- 
mined the  existence  of  the  Coast  Ranges  added  the  gold  belt 
proper  to  the  Sierra  Nevada ;  and  that  probably  *^  a  portion  at 
feast  of  the  Cascade  Range  was  elevated  and  metamorphosed  at 
the  same  time.  Consequently,  before  the  Chico  era  there  was  a 
sinking,^'  admitting  the  ocean  over  a  great  part  of  the  Coast 
Ranges  and  over  considerable  areas  at  the  base  of  the  Sierra  for  the 
later  depositions.  During  the  Pliocene  very  little  of  either  range 
was  below  water. 

The  following  paragraph  is  from  pages  22,  28  of  the  paper. 

"  [  think  it  may  be  asserted,  as  a  result  of  all  the  geological 
work  done  from  the  Rocky  Mountains  to  the  Pacific,  that  there  has 
been,  throughout  geological  time,  a  definite  tendency  in  the  struc- 
tural development  of  this  area.  The  geologist  ot  the  fortieth 
parallel  exploration  showed  that  a  fault  began  upon  the  west 
nank  of  the  Wahsatch  in  the  Archsean,  the  same  fault  which  Mr. 
Gilbert  has  traced  as  still  in  progress.  The  last-named  geologist 
has  also  detected  a  similar  fracture  on  the  east  side  of  the  lower 

f)ortion  of  the  Sierra.  The  eastern  portion  of  the  Great  Basin  was 
ifled  above  the  surface  of  the  ocean  after  the  close  of  the  Carbon- 
iferous, the  western  portion  of  the  same  area  followed  before  the 
Cretaceous,  and  at  one  or  both  of  these  epochs  the  country  was 
laterally  compressed,  an  action  no  doubt  closely  connected  with 
the  progress  of  the  great  faults.  About  the  time  of  the  Neoco- 
mian,  California  experienced  an  east  and  west  compression,  and 
again,  following  the  Miocene,  was  an  uplift  throwing  the  horizon- 
tal strata  of  the  coast  into  north  and  south  folds.  From  the 
Wahsatch  to  the  Pacific  Coast  there  thus  appears  to  have  been  a 
recurrent,  if  not  a  constant  tendency  to  lateral  compression,  in 
substantially  one  and  the  same  direction.  Now  Dr.  White  points 
out  that  an  extraordinary  difference  has  existed  between  the 
marine  fauna  of  the  Pacific  Coast  and  that  of  the  waters  east  of 
the  Sierra  from  a  time  prior  to  the  Cretaceous  onward,  and  hence 
that  a  land  barrier  must  throughout  have  occupied  substantial^ 
the  position  of  the  Sierra  Nevada,  which  must  therefore  have  expen- 
enced  repeated  upheavals  to  compensate  for  constant  erosion. 
There  are  also  said  to  be  some  paleontological  grounds  for  sup- 
posing at  least  a  partial  separation  of  these  areas  during  the  Car- 
boniferous. This  supposition  is  in  entire  accord  not  only  with 
the  structural  analogies  of  the  region  but  with  the  detailed 
observations  of  Mr.  Clarence  King*  and  his  colleagues,  who  were 
led  to  infer  the  existence  of  a  continental  area  during  the  Paleo- 
zoic, west  of  long.  117°30',  lat.  40°.  Such  a  range  as  the  Sierra, 
though  partaking  in  the  general  compression  and  movement  of 
the  whole  country,  must  offer  a  tremendous  resistance;  and,  at  any 
one  of  the  active  periods  during  which  the  physical  conditions 
permitted  contortion  of  strata  along  the  western  flank  of  the 

*  Systematic  Gteology,  p.  534. 
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SieiTEy  these  mast  have  been  driven  against  the  barrier  until  they 
coald  yield  no  more.  Thas  if  a  pile  of  cloths  were  compressed 
from  their  edges  (as  in  Hall's  famous  experiment)  with  enormous 
energy,  they  would  be  forced  into  plications  so  sharp  that  the 
dip  at  any  point  would  be  nearly  vertical.  It  seems  to  follow 
that  at  different  upheavals,  some  of  them  perhaps  as  yet  nntraced, 
strata  to  the  west  of  the  sreat  Sierra  mav  have  been  driven  into 
the  nearly  vertical  position  of  the  sold  slates  and  their  original 
Btratigraphioal  relations  completely  obscured.  I  do  not  consider 
it  certain,  therefore,  or  even  probable  that  the  Carboniferous 
slates  near  Pence's  Ranch  first  assumed  their  present  position 
subsequently  to  the  Knozville  period.  It  may  be  that  they  have 
stood  nearly  as  now  ever  since  the  Carboniferous  of  Utah  was 
raised  above  water,  while  the  slates  of  Horsetown,  of  the  age  of 
which  nothing  is  known,  so  far  as  I  can  see,  may  possibly  owe 
their  vertical  dip  to  still  earlier  convulsions." 

9.  New  American  Limuloid  species  from  the  Carboniferous. — 
Prof.  A.  S.  Packard,  in  a  note  in  the  American  Naturalist  of 
tfarch,  1885,  mentions  the  discovery  at  IVJazon  Creek,  Morris, 
Illinois,  of  a  new  species  of  JSelinurus^  and  one  of  CychiSy  genera 
litherto  unobserved  on  this  continent ;  and  from  the  Carbonifer- 
)us  beds  of  Pennsylvania,  a  new  species  of  JEJuproops.  Moreover 
he  Cyclus,  in  its  four  or  five  pairs  of  limbs,  "  apparently  of  the 
tame  nature  as  those  of  the  larval  Limuli,"  shows  that  it  is  really 
i  tail-lesR  Limuloid.  The  species  described  are  named  Belinurus 
Lacoei,  JEuproops  longispina^  Cyclus  Americana  and  Dipeltis 
Uplodiscus  ;  the  last  is  Cyclus-like. 

10.  Embryology  of  Limulus. — Prof.  Packard  closes  a  note  on 
his  subject  (Proc.  Philad.  Amer.  Phil.  Soc,  Jan.,  1 886)  with  the 
bllowing  conclusions.  The  fact  that  the  embryo  of  Limulus  has 
It  first  no  abdominal  appendages,  and  only  cephalic,  shows 
livergence  from  the  Tracheata  (Arachnida,  etc.)  and  allies  it  to 
he  Crustacea.  The  absence  of  a  serous  membrane,  of  an 
imnion,  of  procephalic  lobes,  of  protozonites  (which  occur  in  the 
farly  embryo  of  the  scorpion  and  spider)  show  further  divergence 
rom  the  Tracheata.  The  embryology  is  scarcely  more  like 
Tracheata  than  the  Crustacea ;  it  is  a  primitive  type  more  related 
o  the  branchiate  arthropods  than  the  traclieate  and  "  should  be 
e^arded  as  a  generalized  or  composite  form,  which  with  its  fossil 
.Hies,  the  Eurypterida  and  Trilobita,  constitute  a  distinct  class. 

11.  Town  Geology:  the  Lesson  of  the  Philadelphia  Rocks  ;  by 
^NGELO  Heilprin.  134  pp.  12mo,  with  V  plates,  and  several 
rood-cut  illustrations. — Mr.  Heilprin's  work  is  a  popular  illustra- 
ion  of  some  of  the  principles  of  geology  by  means  of  facts  from 
he  vicinity  of  Philadelphia.  The  figures  are  good,  and  the  ex- 
planations of  the  subject  simple  and  clear.  The  work  will  be 
3und  an  easy  iptroduction  to  the  science  for  the  young  geologist, 
^wo  of  the  plates  contain  representations  of  Mesozoic  fossils. 
Tie  last  of  the  chapters  is  on  the  Drift  deposits  and  the  era  of 
3e,  under  the  title  of  "Philadelphia  Brick  and  Cobble  Stone;  a 
ision  of  Arctic  Climates." 
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12.  EinfUhrung  in  die  Oesteinslehre :  Ein  Leitfaden  fOr  den 
akademischen  Unterricht  und  zum  Selbststudium  von  A.  vosr 
Lasaulx.  216  pp.  8vo.  Breslau,  (Edward  Trewendt). — ^This 
little  work,  like  another  by  Hussak,  recently  published,  is  espe- 
cially adapted  for  the  instruction  of  those  who  are  commenc- 
ing their  petrographical  studies.  The  author  assumes  that  they 
have  made  themselves  familiar  with  the  now  fully  developed 
methods  of  modern  petrography,  mechanical,  microscopic,  micro- 
chemical,  and  goes  on  to  describe  the  kinds  of  structure  in  rocks, 
the  most  important  rock-forming  minerals,  and  the  classificatioD 
and  description  of  the  different  kmds  of  rocks.  The  author's  idea 
of  leading  students  to  go  direct  to  original  papers  for  information 
is  a  good  one,  and  with  this  end  in  view  the  literature  of  the  sub- 
ject 18  given  very  fully  in  an  appendix. 

13.  Pi/rargyrite  and  Prouetite, — Dr.  Ernst  Rvthwisch  hat 
published,  as  an  inaugural  dissertation  at  the  University  of  GOtt- 
mgen,  an  admirably  thorough  discussion  of  the  crystallographic 
and  chemical  characters  of  the  two  ruby  silver  ores.  Such  a 
review,  especially  on  the  crystallographic  side,  has  long  been  a 
desideratum  in  mineralogical  literature.  The  complexity  of  the 
subject  may  be  gathered  from  the  fact  that  th<e  total  number  of 
planes  identified  in  the  two  species  amounts  to  one  hundred  and 
eight. 

14.  The  Marble  Border  of  Western  New  England:  its  geology 
and  marble  development  in  the  present  century.  (Middlebury  His- 
torical  Society,  vol.  i,  part  II,  Middlebury,   Vt.,   1886). — ^This 

Samphlet  contains  a  short  paper  on  the  geological  features  of  the 
f  arblo  belt,  by  Professor  Ezra  Brainerd,  and  another  on  the  Mar- 
ble Fields  ana  Marble  Industry,  by  Professor  H.  M.  Seely  of 
Middlebury,  Vermont.  The  marble  belt  is  for  the  most  part  the 
belt  of  the  Stockbridge  limestone,  the  great  limestone  of  Emmons's 
"  Taconic  System."  The  subject  is  treated  from  an  economical 
and  historical  point  of  view,  as  indicated  in  the  title. 

15.  Die  Meteor Uen-Sammlung  des  k,  k,  mineralogischen  Hof- 
Kabinetes  in  Wien  am  1.  Mai  1886,  von  Dr.  Abistibes  Bbez- 
iNA.  From  the  Jahrb.  der  k.  k.  geol.  Reichsanstalt,  1885,  pp. 
161-276;  with  four  plates. — The  collection  of  meteorites  of  the 
Vienna  Museum  has  long  been  recognized  as  ranking  among  the 
most  important  in  the  world.  Qf  late  years  the  increase  has  been 
very  rapid  and  the  present  catalogue  includes  368  numbers.  Dr. 
Brezina,  however,  has  done  much  more  than  merely  give  a  his- 
tory of  the  collection  and  a  list  of  localities  with  dates,  weights 
and  so  on.  He  discusses  also  at  some  length  the  origin  of  the 
peculiar  structure  of  meteoric  stones,  and  the  systems  of  classifica- 
tion proposed.  The  work  is  fherefore  an  important  contribution 
to  a  most  interesting  subject. 

16.  Botany  of  the  Challenger  Expedition,    Vol^I,  1886.— This 
bulky  and  well-illustrated  quarto  volume  ia  d^^ 
interesting  subject  of  Insular  Floras,  nai 
the  Southern  Atlantic  Islands,  with 
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Fernandez,  the  Southeastern  Moluccas,  the  Admiralty  Islands, 
eta  And  the  work  has  been  done,  with  admirable  promptness, 
by  "Wm.  B.  Hemsley.  To  the  proper  systematic  part,  he  has 
prefixed  a  general  discussion  of  the  present  state  of  oar  knowl- 
edge of  the  principal  insular  floras,  adding  a  copious  bibliog- 
raphy; and  finished  with  an  appendix,  on  the  dispersion  of 
plants  by  ocean  currents  and  birds.  So  here  is  much  matter  for 
ooDsideration.  We  can  at  this  moment  only  announce  the  recep- 
tion of  this  volume  and  indicate  the  general  character  of  its  con- 
tents. A.  G. 

17.  Methods  of  Research  in  Microscopicai  Anatomy  and  Em- 
bryology /  by  Chables  Otis  Whitman,  M.A.,  Ph.D.  Boston: 
8.  E.  Uassino  A  Co.  1886.  8vo,  pp.  viii,  256. — To  those  who 
have  used  Dr.  Whitman*s  notes  under  the  head  of  Microscopy  in 
the  American  Naturalist  for  several  years  past,  this  work,  to  a 
large  extent  based  on  them,  will  certainly  be  welcome.  The  book 
weu  accomplishes  its  purpose  of  supplying  the  need  created  by 
the  recent  rapid  development  of  the  methods  of  research  in 
microscopical  anatomy  and  embryology,  for  it  judiciously  brings 
together  all  the  more  important  new  processes  used  m  these 
departments.  The  author  says  that  no  effort  has  been  made  to 
give  the  treatise  an  encyclopaedic  character,  and  perhaps  for  this 
very  reason,  the  work  appears  to  be  much  more  satisfactory  than 
Mr.  A.  B.  Lee's  Microtomist's  Vade-Mecum  (Philadelphia,  P. 
Blakiston,  Son  A  Co.,  1886),  which  covers  much  of  the  same 
ground.  s.  i.  s. 

III.  Astronomy. 

1.  77ie  Star  System  40,  o*  JBridani. — Professor  A.  Hall  has  pub- 
Kshed,  in  the  Astronomische  Nachrichten^  No.  2682,  the  results  of 
thirty  sets  of  measurements,  made  with  the  26-inch  refractor  to 
determine  the  parallax  of  the  principal  star  of  this  remarkable 
system.  This  star  is  of  the  fiflh  magnitude,  having  the  veiy 
large  proper  motion  of  4'  a  year.  At  a  distance  of  81^  from  it  is  a 
binary  whose  distance  is  now  about  3'  and  whose  components  are 
of  the  9th  and  11th  magnitudes,  and  this  binary  has  the  same 
extraordinary  proper  motion  as  the  principal  star,  the  three  stars 
being  presumaoly  physically  related. 

Professor  Hall  made  observations  in  March  and  September,  1884, 
and  March,  1886,  comparing  with  a  10th  mag.  star  32'''5  follow- 
ing and  a  little  south  of  40  Eridani.     His  result  is 

7r=0''-223  it  -0208. 

Although  the  observations  were  made  with  difficulty,  owing  to 
the  small  field  of  view  of  the  telescope,  yet  Prof.  Hall  expresses 
much  oonfidence  in  his  result. 

Sinee  the  oommenoement  of  Prof.  Hall's  observations  in  March, 
]8M|I>r»  GiU  has  published  the  measurements  made  by  himself 
n4  U^J^Ifl J^POll  several  Southern  stars,  and  among  these  is  a 
Jkmmm^^  Q\\\  Qf  ^[jQ  parallax  of  40  o'  Eridani,  viz  : 

I^I^^^^HKiX         9r=0''*167=bO''-018. 
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These  two  results  agree  in  showing  that  this  system  is  more 
distant  than  its  large  proper  motion  woald  lead  us  to  expect. 

Dr.  Gill  compared  the  star  with  two  stars  of  the  6th  and  6*7th 
magnitudes,  over  a  degree  distant  in  opposite  directions,  thus 
eliminating  the  temperature  corrections.  The  star  passed  much 
nearer  the  zenith  of  Cape  Town  than  of  Washington. 

The  observations  upon  the  close  binary  indicate  a  period  of 
revolution  between  125  and  140  years,  of  which  102  have  elapsed 
since  Herschel's  first  observation.  If  we  take  the  mean  of  the 
two  determinations  of  parallax,  the  mean  distance  of  the  close 
binary  is  about  25  radii  of  the  earth's  orbit,  and  the  sum  of  the 
masses  of  these  components  is  not  largely  different  from  the  sun's 
mass. 

The  distance  of  the  principal  star  from  the  binary,  measured 
perpendicularlv  to  the  line  of  sight,  is  a  little  over  400  radii  of 
the  earth's  orbit.  Distinct  evidence  of  rotation  of  the  binary 
about  the  principal  star  is  yet  wanting. 

Measured  in  units  of  annual  velocity  of  light,  Prof.  Hall's 
parallax  implies  a  distance  from  us  of  about  15,  while  Dr.  Gill's 
parallax  gives  a  distance  of  about  20. 

2.  Report  No.  8  of  the  Cincinnati  Observatory,  Observations 
of  the  Comets  of  1883,  by  H.  C.  Wilson,  Astronomer  pro 
tern.;  published  under  the  direction  of  J.  G.  Poeteb,  A.M., 
Astronomer.  Cincinnati,  1885. — The  Report  No.  7  gave  the 
results  of  the  observations  at  the  observatory  on  the  comets  of 
1881  and  1882.  No.  8  contains  the  results  from  comets  I  and  11 
of  1883  (the  Brooks-Swift  and  Pons-Brooks  comets),  made  by  Mr. 
H.  C.  Wilson,  assistant  astronomer  during  the  time  that  he  was  in 
temporary  charge  of  the  observatory.  The  report  is  illustrated 
by  13  fine  plates,  11  of  which  are  devoted  to  views  of  the  comet 
at  diflferent  times  during  its  passage. 

IV.  Miscellaneous  SoiENTiFio  Intelligence. 

1.  77ie  Washington  Co.^  Penn.  Meteorite ;  by  G.  F.  Kunz.— 
At  4  o'clock  on  Saturday  evening,  September  26th,  1885,  under  a 
remarkably  clear  sky,  a  meteor  passed  over  several  townships  of 
Washington  County,  in  southwestern  Pennsylvania.  Its  general 
direction  was  southeast  over  Hanover  township,  Burgettstown  in 
Smith  township,  Jefferson  township,  Cross  Creek  village  in  Cross 
Creek  township,  the  village  of  Hickory  in  Mt.  Pleasant  township, 
Canonsburg  in  Chartiers  township,  and  Cecil  township.  The  fall- 
ing body  was  also  distinctly  seen  and  heard  in  many  towns  in 
southwestern  Alleghany  County,  as  Bridgeville,  Mansfield,  Mid- 
dletown  and  McKeesport.  The  great  noise  and  disturbance 
which  it  created  were  attributed  to  various  causes,  usually  to  the 
explosion  of  some  boiler  in  the  neighborhood  or  blasting  in  the 
quarries.  The  meteorite  undoubtedly  exploded  and  fell  some- 
where in  this  section. 

Mr.  J<^|AMM|||£  Canonsburg  writes  that  the  meteor  passed 
over  hii^^^^^^^Huiied  by  a  load  roar  like  a  peal  of  thunder. 
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He  himself  was  in  the  ham  at  the  time,  and  on  accoant  of  the 
hrightness  of  the  day,  thought  that  a  hoiler  had  exploded  on  his 
farm  at  a  spot  where  a  company  were  prospecting  tor  oiL  The 
only  person  on  the  farm  who  witnessed  the  sight  was  a  lad  of  1 7, 
named  Richardson,  who  was  visiting  there  and  happened  to  be 
out  in  the  fields.  He  reports  that  he  heard  a  queer  nissing  noise 
quickly  followed  by  a  roar,  as  of  thunder.  Young  Richardson, 
probably  deceived  by  the  excessive  glare  of  the  meteor,  thought 
It  fell  on  the  Connor  farm,  but  a  thorough  search  failed  to  dis- 
cover any  fragments  there.  Professor  Tingley  of  Alleghany 
College,  Meadville,  Penn.,  kindly  volunteered  his  assistance  and 
devoted  several  days  to  inquiry,  visiting  the  Burgettstown  County 
fair  then  in  progress,  and  searching  far  and  wide  for  a  trace  of 
any  meteoric  fragments,  but  he  was  unable  to  hear  any  rumors  of 
the  finding  of  any.  It  is  probable  that  the  mass  fell  m  some  un- 
frequented woods,  where  it  may  not  be  discovered  for  some  time, 
as  meteorites  appear  to  the  startled  observer  to  be  much  nearer 
than  they  really  are.  Numerous  exaggerated  and  sensational 
accounts,  purporting  to  give  accurate  details  of  the  fall  of  enor- 
mous meteoric  masses,  have  appeared  in  the  newspapers,  yet  in 
all  cases  these  have  proved  to  be  myths,  unsubstantiated  by 
the  finding  of  any  fragments  as  yet. — Head  at  the  New  Yotk 
Academy  of  Sciences^  Oct.  12th. 

2.  British  Association  at  Aberdeen.  —  The  meeting  of  the 
British  Association  opened  at  Aberdeen  on  the  12th  of  Septem- 
ber. From  Nature  of  Sept.  1 0th,  we  learn  that  up  to  the  preced- 
ing Saturday,  the  local  committee  had  disposed  of  tickets  to  the 
value  of  1,000/.  to  "local  people  alone;  and  that  2,600  people 
were  expected  to  take  out  tickets  for  the  meeting.  The  actual 
number  attending  the  meeting  was  2,208.  The  grants  of  money 
made  for  research  amounted  to  1,196/." 

The  President  of  the  meeting.  Sir  Lyon  Playfair,  discussed,  in 
his  inaugural  address,  the  relations  of  Science  to  the  State  and 
the  claims  of  Science  from  the  State, with  special  reference  to  its 
place  in  education.  Germany,  as  is  usual,  was  appealed  to  for 
incentive ;  and  the  fact  was  stated  in  this  connection  that : 

"  Strassburg  has  had  her  university  and  its  library  rebuilt  at  a 
cost  of  711,000/.,  and  receives  an  annual  subscription  of  43,000/. 
In  the  rebuilding  of  the  university  eight  laboratories  have  been 
provided  so  as  to  equip  it  fully  with  the  modern  requirements  for 
teaching  and  research.''  "  The  cost  of  these  laboratories  has  been 
as  follows :  Chemical  Institute,  36,000/. ;  Physical,  28,000/. ;  Bo- 
tanical, 26,000/.;  Physiological,  13,900/.;  Physiological  Chemis- 
try, 16,000/.;  Observatory,  26,000/.;  Anatomy,  42,000/. ;  Clinical 
Surgery,  26,000/." 

Tlie  reports  of  the  meeting  show  that  it  was  fully  as  successful 
as  any  that  have  preceded  it.  Professor  G.  Chrystal's  address 
before  the  Physical  Section,  like  Sir  Lyon  Play  fair's,  was  on  the 
Diffusion  of  Scientific  knowledge;  and  Professor  Armstrong's, 
before  the  Chemical,  inclined  in  the  same  direction,  the  first  half 
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treating  of  the  importance  of  enooa raging  chemical  research  and 
education,  the  latter  half,  of  chemical  action.  An  abstract  of 
Professor  Judd's  address  before  the  Geological  Section  is  given 
on  page  392.  Francis  Galton,  F.R.S.,  before  the  section  of 
Anthropology,  gave  a  "  lecture,"  as  he  termed  it,  on  "  types"  and 
their  "  mheritance  " — "  gathered  from  family  records  entrusted  to 
him  by  persons  living  in  all  parts  of  the  country."  Professor  W. 
C.  Mcintosh's  address  before  the  Biological  Section,  reviewed  the 
subject  of  the  phosphorescence  of  marine  animals. 

The  work  of  the  association  is  reported  quite  fully  in  Naturt^ 
commencing  with  the  number  for  September  10th  (No.  828). 
The  several  addresses  of  the  Vice-Presidents  are  given  in  full. 
Birmingham  is  to  be  the  next  place  of  meeting  for  1886,  and  Sir 
William  Dawson  the  President  of  the  meeting. 

3.  Louis  Agctsaiz,  his  Life  and  Character;  edited  by  Elizabeth 
Carey  Agassiz.  2  vols.,  794  pp.  12mo.  Boston,  1886.  Hough- 
ton, Mifflin  &  Co.). — The  very  general  admiration  for  Professor 
Agassiz  will  be  sustained  and  enhanced  by  the  story  of  his  life, 
prepared  with  excellent  taste  and  judgment  by  Mrs.  Agassiz.  It 
sets  forth  by  a  skillful  interweaving  of  letters  and  narratives,  in 
language  as  vivid  and  simple  as  Agassiz's  own  style,  the  early 
surroundings  of  the  voung  naturalist,  his  development  under  an 
ardent  devotion  to  Nature  as  his  chief  teacher,  and  his  accom- 
plished work  by  which  he  became  a  lasting  power  in  the  world. 
The  work  is  hence  of  interest  to  the  philosopner  for  its  illustra- 
tion of  the  type  of  man,  under  one  of  its  phases,  to  which  science 
owes  its  recent  progress.  At  the  same  time  the  biologist,  paleon- 
tologist, and  geologist,  here  learn  of  the  successive  stages  in  the 
establishment  of  the  new  views,  which  were  the  outcome  of  his 
study  of  nature;  for  example,  how  in  1837,  the  idea  of  a  northern 
ice-period  was  struck  out  in  Agassiz^s  intercourse  with  the  Alps 
and  Juras ;  the  Alps  giving  the  actual  glacial  phenomena  to  his 
mind,  the  Juras  as  well  as  Alps  affording  the  same  kind  of  glacial 
records  on  rocks  and  heights  miles  outside  of  and  thousands  of 
feet  above  modern  ice-limits~a  view  which  later  he  corroborated 
in  the  Scottish  Highlands  and  in  America. 

Agassiz's  part  in  the  progress  of  science  was  so  important  that 
the  volumes  have  great  value  for  their  contributions  to  the  his- 
tory of  science.  But,  after  all,  the  attractiveness  of  the  man  at 
his  work  and  among  men  gives  the  pages  their  chief  charm. 

Americans  have  reason  for  holding  Agassiz  in  high  honor,  in 
view  of  his  devotion,  almost  from  the  day  of  his  arrival  in  this 
country,  to  the  interests  and  exaltation  of  American  science.  He 
sent  none  of  his  various  memoirs  to  foreign  journals  or  academies 
for  publication,  because,  as  he  told  the  writer,  he  was  now  an 
American.  j.  d.  d. 

4.  Hawaian  or  Sandwich  Island  Survey, — The  survey  of  the 
Hawaian  Islands  has  been  in  progress  for  some  years,  under 
Professor  W.  D.  Alexander  as  Surveyor  General.  In  1881,  a  de- 
tailed map  of  Oahu  was  published,  measuring  nearly  five  feet  by 
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three-and-a-half,  showing  well  its  remarkable  precipices  and  the 
system  in  its  heights  and  valleys.  Recently  a  sarvey  has  been 
made  of  the  small  western  island  of  the  Hawaian  Cfnain  called 
Nihoa  or  Bird  Island.  The  Island  is  5200  feet  in  extreme  length 
and  2000  in  mean  width.  It  is  the  remains  of  the  upper  unsub- 
merged  portion  of  a  volcanic  mountain.  The  highest  point  is 
near  the  northwest  angle  and  is  903  feet  above  the  sea  level.  The 
northeast  is  but  little  rower,  869  feet.  The  north,  east  and  west 
sides  are  precipitous,  and  from  the  top  of  the  bluffs,  there  are 
gradual  inward  slopes,  like  the  slopes  of  a  crater,  leading  down 
to  a  large,  partly  enclosed  bay,  which  occupies  nearly  the  whole 
south  side.  Great  numbers  of  dikes  intersect  the  high  preci- 
pices on  the  northwest  side  which  were  found  to  traverse  the 
whole  island.  The  survey  indicates  that  the  island  was  once  the 
site  of  a  great  volcano,  and  the  dikes  show  the  courses  of  fissures 
through  which  the  lavas  flowed  at  various  eruptions. 

OBITUABY. 

Jakss  Macfablanb,  of  Towanda,,  Pa.,  died  suddenly  on  the 
eleventh  of  October.  He  was  born  at  Gettysburg  on  the  second 
of  September,  1819,  was  graduated  at  Pennsylvania  College,  of 
the  same  place,  in  1837,  studied  law  at  Carlisle,  and  was  admitted 
to  the  bar  in  1846.  He  made  himself  well  acquainted  geologically 
with  the  coal-measures  and  coal  regions  of  Pennsylvania,  and 
published  a  work  of  great  value  on  the  Coal  Fields  of  America. 
His  *'  Geologists'  Traveling  Hand-book,'*  in  which  the  formations 
along  all  railroad  routes  in  the  country,  as  far  as  known,  are 
given,  proved  to  be  a  great  convenience  to  travelers,  and  of 
much  value  to  the  science;  and  during  the  two  or  three  years 
past  he  has  been  engaged  in  its  revision  for  a  new  edition — and  a 
printers'  proof  arrived  on  the  morning  of  his  decease.  His  occa- 
sional papers  have  reference  mostly  to  the  Coal-measures. 

Thomas  Bland  was  born  at  Newark,  Nottinghamshire,  Eng- 
land, Oct.  -1,  1809.  His  father.  Dr.  Thomas  Bland,  was  a  physi- 
cian. His  mother  was  a  Shepard,  and  a  niece  of  Richard  Shepard, 
who  was  a  conchologist,  from  whom  she  acquired  a  love  of  natu- 
ral history  which  led  her  to  make  collections  of  plants,  minerals 
and  shells,  and  this  love  of  nature  was  inherited  by  her  son 
Thomas.  He  was  educated  at  Charter  House  School  in  London, 
where  he  was  a  classmate  of  Thackeray.  He  subsequently  studied 
law  and  entered  upon  its  practice  in  London.  In  May,  1836,  he 
became  a  Fellow  of  the  Roval  Geological  Society  of  London.  In 
1842  he  removed  to  Barbadoes  and  thence  to  Jamaica,  where  he 
resided  until  about  1850,  collecting  largely  in  various  departments 
of  natural  history,  especially  in  chonchology.  While  at  Jamaica 
he  made  the  acquaintance  of  Prof.  C.  B.  Adams,  then  of  Middle- 
bury  College,  Vermont.  A  close  friendship  ensued  which  ended 
only  with  the  untimelv  death  of  the  latter  in  1863.  In  1850  Mr. 
Bland  returned  to  England,  and  after  a  stay  of  a  few  months, 
accepted  the  appointment  of  Superintendent  of  a  gold  mine  at 
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Marmato,  New  Granada.  In  1862  he  removed  to  New  York, 
where  the  remainder  of  his  life  was  spent  in  varioas  agencies  con- 
nected with  mining  and  other  enterprises.  Of  late  years  he  had 
suffered  much  from  impaired  health,  becoming  for  the  last  few' 
months  incapacitated  for  mental  labor,  and  on  the  20th  August, 
1885,  he  passed  peacefully  away. 

Though  Mr.  Bland  was  always  interested  in  general  science,  he 
seems  to  have  received  the  special  direction  toward  the  study  of 
terrestrial  mollusks  from  his  intimate  friendship  in  Jamaica  with 
Prof.  Adams.  He  devoted  himself  to  the  wonderfully  rich  fauna 
of  the  West  India  islands,  and  continuing  the  labors  which  Prof 
Adams  had  begun,  he  soon  became  a  leading  authority  on  that 
branch.  His  general  knowledge  of  science  led  him  to  devote  par- 
ticular attention  to  the  subject  of  geographical  distribution,  so 
philosophically  treated  in  his  published  papers.  When  in  South 
America,  be  collected  lately  and  corresponded  on  the  subject 
with  all  the  prominent  European  conchologists.  Again,  on  re- 
moving to  New  York,  he  became,  through  Prof.  Adams,  a^ 
quainted  with  the  American  conchologists,  and  formed  a  strong 
friendship  especially  with  Mr.  Wheatley  and  Mr.  Redfield. 
Through  the  latter  he  became  a  member  of  the  New  York  Ly- 
ceum of  Natural  History,  and  was  for  many  years  a  most  useful 
member  of  its  publication  committee.  He  was  also  a  member  of 
the  Natural  History  Societies  of  Boston,  Philadelphia,  and  other 
American  cities,  ana  the  intimate  personal  friend  and  correspond- 
ent of  all  the  American  conchologista 

In  1866  he  became  acquainted  with  Mr.  W.  G.  Binney,  who 
was  just  commencing  the  continuation  of  his  father's  work  on  the 
Terrestrial  Mollusks  of  North  America.  An  intimate  friendship 
was  established  which  was  only  broken  by  the  death  of  Mr. 
Bland.  The  association  of  these  two  in  the  study  of  our  land 
shells  resulted  in  a  series  of  publications  which  has  thoroughly 
elucidated  the  subject.  If  these  publications  have  any  excellence, 
it  is  owing  to  the  happy  combination  of  untiring  zeal  and  inher- 
ited love  of  the  subject,  with  all  the  traditions  of  the  collections 
and  collectors  on  one  side,  and  on  the  other  the  absence  of  preju- 
dice, the  extended  experience,  the  general  scientific  training  and 
especially  the  philosophic  mind  of  Mr.  Bland. 

A  detailed  catalogue  of  Mr.  Bland's  scientific  writings,  seventy- 
two  in  number,  has  been  prepared  and  published  by  Mr.  A.  F.  Gray. 

Finally,  it  must  be  said  that  Mr.  ^land  was  a  genial  acquaint- 
ance and  a  most  self-sacrificing  friend,  ever  ready  with  assistance, 
advice,  encouragement  or  consolation,  as  these  qualities  might  be 
required.  w.  g.  r 

Edward  Henri  von  Baumhauer,  Editor  of  the  Archives 
N^erlandaises  des  Sciences  exactes  et  naturelles  published  by 
the  Society  Hollandaise  des  Sciences  at  Harlem,  and  secretary  of 
the  Society,  died  on  the  18th  of  January  last,  in  his  66th  year. 
The  success  and  European  character  of  tne  Archives  is  largely 
due  to  his  enterprise  and  science. 
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Abt.  LL — On  the  effect  upon  the  earth's  velocity  produced  by  small 
bodies  passing  near  the  earth  ;  by  H.  A.  Newton. 

1.  The  space  through  which  the  earth  travels  is  traversed 
also  by  small  bodies,  or  meteoroids.  These  give  meteors  of  all 
degrees  of  brilliancy,  and  it  is  reasonable  to  assume  that 
bodies  too  small  to  furnish  visible  meteors  also  lie  along  our 
path.  The  impact  of  these  bodies  upon  the  earth,  and  the  con- 
sequent increase  of  the  earth's  mass,  have  their  effect  upon  the 
earth's  motions  both  of  rotation  and  revolution,  and  hence 
upon  the  lengths  of  the  year  and  the  day.  The  moon's  orbit 
and  the  length  of  the  month  likewise  suflFer  change. 

Professor  Oppolzer  in  a  paper  in  the  Astronoraische  Nach- 
richten  (No.  2573)  has  considered  the  amount  of  these  two 
actions  and  has  computed  the  density  which  the  meteoroid 
matter  must  have  in  the  space  which  the  earth  is  traversing 
in  order  to  produce  upon  the  relative  lengths  of  the  month 
and  the  day  the  observed  and  unexplained  acceleration  oE 
the  moon's  nj^an  motion.  This  computed  density  is59xl0"i8^ 
the  mean  density  of  the  earth  being  unity,  and  is  at  least  a 
myriad  times,  perhaps  a  million  times  as  great  as  can  be 
reasonably  assigned  to  observed  meteors.*     But  a  body  that 

E asses  near  to  the  eart^has  also  an  action  of  like  character 
y  reason  of  the  attr«fiion  of  gravitation  alone,  and  I  pro- 
pose to  show  its  ^Jount,  for  it  seems  well  worth  showing 
that  the  bodies  wb^  pass  near  us  do  not  have  an  effect  at 
all  comparable  wnh  that  produced  by  those  which  actually 
come  into  the  earth's  atmosphere. 

*  A  proper  amount  of  cosmic  dust,  if  we  can  reasonably  assume  that  so  large 
an  amount  of  this  questionable  substance  exists,  might  explain  that  acceleration. 
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2.  Assume  in  the  first  place  that  the  earth  is  at  rest  and  that 
a  group  of  small  bodies  each  weighing  m'  pounds  are  evenly 
distributed  through  space;  that  they  are  all  moving  parallel  to 
each  other  so  as  to  have  a  common  velocity  v  relative  to  the 
earth  on  entering  the  sphere  of  the  earth's  sensible  attraction; 
and  that  there  are  at  first  n  of  these  bodies  in  each  cubic  unit 
of  space.  Let  the  space  considered  be  a  cylinder  whose  axis 
has  the  direction  of  the  motion  of  the  bodies  and  passes 
through  the  earth.  Each  of  these  bodies  will  describe  a  hyper- 
bolic orbit  about  the  earth,  and  leave  the  sphere  of  the  earth's 
action  with  the  same  velocity  v  with  which  it  entered.  By 
reason  of  the  smallness  of  the  bodies,  and  their  even  distri- 
bution, the  action  of  the  bodies  on  each  other  may  be  dis- 
regarded. 

3.  Because  the  bodies  are  assumed  to  be  evenly  distributed 
they  will  have  no  resultant  action  upon  the  earth  at  right 
angles  to  the  original  direction  of  motion.  But  in  that  direc- 
tion of  motion  the  momentum  of  the  whole  system  of  earth 
and  meteoroids  will  be  the  same  before  as  after  the  passage  of 
the  bodies.  What  the  meteoroids  lose  the  earth  gaina  Let 
the  asymptotes  of  the  hyperbolic  orbit  of  one  of  these  bodies 
make  an  angle  a  wit&  its  conjugate  axis.  The  momentum  of 
the  body  on  entering  the  earth  s  sphere  of  action  will  be  m'v 
in  the  direction  of  motion.  Its  momentum  in,  the  same  direc- 
tion upon  leaving  the  sphere  of  action  will  m'v  cos  2a,  since 
the  direction  of  motion  has  changed  2a.  The  loss  of  momen- 
tum will  be  m'v(l— cos2a),  and  the  earth  gains  by  reason  of 
the  transit  of  the  body  an  equal  momentum  in  the  same 
direction. 

4.  Let  the  perpendicular  distance  from  the  earth  to  the  orig- 
inal line  of  motion  of  a  meteoroid  be  p.  The  number  of 
bodies  that  pass  the  earth  in  a  unit  of  time  and  that  have  such 
distance  greater  than  p  and  less  than  p+dp  will  be  27Tpnvdp. 
The  momentum  communicated  to  the  earth  by  the  whole 
group  in  a  unit  of  time  will  be  the  same  as  that  communicated 
through  their  whole  orbits  by  those  which  pass  the  earth  in  a 
unit  of  time,  and  this  will  be  the  integral 

y2;rjt>nv*m'(l— C082a)  dp 

taken  between  the  proper  limits. 

5.  The  factor  1— cos2a  is  a  function  of  p  and  v.  To  find  its 
value  letpo  and  v^  be  the  distance  and  velocity  of  the  meteoroid 
at  perigee,  let  r  be  the  earth*s  radius,  and  ^=32^  feet.  Using 
feet-second  units  we  have 

By  conservation  of  energy  v^*— v*=  -^— ,  (1) 

By  conservation  of  areas         ^JPo^^P^  (2) 

And  by  nature  of  the  hyperbola  p=p^{tBii  a-f  sec  a)       (8) 
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These  equations  i»ive 


1— co8  2a=       ^ 


g^r'-frpW 


and  substituting  in  the  integral  of  the  preceding  article  we  get 

/>m=  /   27tpnv^m'-^ — T-*dp= ^ — log  ^  ,  ^    ^,,  ,  ,    (4) 

where  2>"  and  /)'  are  suitable  limits  of  the  integral,  m  is  the 
earth's  mass  in  pounds,  and  p  is  the  velocity  in  feet  per  second 
communicated  to  the  earth  per  second. 

6.  The  value  of  p'  is  that  value  of  p  which  permits  the 
meteoroid  to  just  touch  the  e  rth's  atmosphere  without  enter- 
ing it  Assuming  that  the  radius  of  the  earth  including  the 
atmosphere  is  r'  (which  may  be  assumed  =r4-100  miles),  put- 
ting p'  for  p  and  /  forp,  in  equations  (1)  and  (2),  we  have 

vy=vp'. 

Hence  p'^v^ = 2^rV + r'^v\  (5) 

and  g*r*  4-/?"^*=  {gr^  +  r'vy 

Putting  also  d  for  the  density  of  the  meteoroid  matter  if  dis 
tributed  through  the  space  occupied  by  the  group,  the  earth's 
density  being  regarded  as  unity,  arid  observing  that  md= 
^7tr*nm\  we  obtain  from  (4) 

^^^^^9"r.g'r*  +  p"'v* 
^■"    2v'    ^(gr'  +  r'vy 

Or»  P=    LJ   ^^g  7 7r^'  (^) 


2rx^  /       /^ 


(-5) 


by  putting  u  for  the  earth's  velocity  in  its  orbit,  v=xu,  p^'=^Vr\ 
and  ^=^ryr'w'=-069.  The  term  /?*/PV  may  be  dropped  as 
of  no  account  unless  x  is  very  small.  Substituting  numbers 
we  get 


1 


•069 

X 


0) 


If  the  velocity  of  the  meteoroids  be  that  of  a  comet  in  a  para- 
bolic orbit  x''=2  and 

p=3-41(y(logP--034). 

If  their  velocity  be  that  of  the  earth  in  its  orbit 

a;'=l,  and  p=6-83(J(logP— -068). 
In  formulas  (6)  and  (7)  p  expresses  the  acceleration  given  to 


412     •  H,  A,  Newton — Effect  upon  the  eariKs  velocity 

the  earth  per  second  in  feet  per  second;  5  is  the  density  of 
the  matter  of  the  group  if  aistributed  through  the  whole 
space  considered,  the  mean  density  of  the  earth  being 
unity  ;  x  is  the  velocity,  the  earth's  velocity  in  its  orbit  being 
unity  ;  and  P  is  the  radius  of  a  cylindrical  stream  of  meieor* 
oids,  the  unit  being  4056  miles.      If  the  unit  for  P  be  taken 

equal  to  4056  (H ^j  miles,  and  we  use  common  logarithms, 

the  value  of  p  becomes 

P=-^?-  log,,  P. 

7.  Equation  (7)  may  be  thus  expressed  as  a  theorem. 

If  a  cylindrical  stream  of  small  bodies  evenly  distributed 
and  all  moving  in  the  same  direction  with  common  velocity 
shall  move  past  the  earth  supposed  to  be  in  the  axis  of  the 
cylinder,  the  small  bodies  by  the  law  of  universal  gravitation 
shall  communicate  to  the  earth  a  velocity  along  the  axis  in 
each  unit  of  time  ; 

(a)  that  shall  be  proportional  to  the  density  of  the  group; 

(6)  that  shall  decrease  as  the  velocity  increases  varying  very 
nearly  inversely  as  the  square  of  the  velocity ; 

(c)  that  shall  increase  with  the  radius  of  the  cylinder,  and 
shall  be  proportional  ta  the  logarithm  of  that  radius,  measured 
by  a  unit  that  differs  ffom  the  earth's  radius  by  a  small  quan- 
tity which  is  a  function  of  the  velocity. 

Strictly  taken,  if  the  cylinder  have  an  infinite  radius  the 
velocity  communicated  is  also  infinite;  but  if  the  radius  be 
comparable  with  measurable  stellar  distances,  the  velocity  com- 
municated is  not  large,  since  log,,,  P  would  then  not  exceed  li 

8.  If  we  assume  the  bodies  at  rest,  and  the  earth  in  motion 
through  them  with  a  velocity  v,  o^  ex  presses  the  resistance  of 
the  system  to  the  earth's  motion.  Hence,  \f  infinite  space  were 
filled  evenly  with  discrete  material  bodies  at  rest,  and  the  law  of 
universal  gravitation  holds  true  ad  infinitum^  there  would  (lien  he 
exerted  an  infinite  resistance  to  the  motion  of  a  planet  in  a  con- 
tinuous right  line  through  the  system.  Moreover,  a  finite  system 
of  such  discrete  bodies  at  rest  constitutes  a  truly  though  feebly 
resisting  medium  by  reason  of  gravity  alone  and  independently 
of  their  impact  with  the  moving  planet. 

If  the  small  bodies  however  should  constitute  an  elastic 
medium  the  above  reasoning  does  not  apply.  For  equation 
(6)  depends  upon  the  property  that  the  small  body  enters  the 
sphere  of  the  earth's  action  in  one  direction,  describes  a  hyper- 
bolic orbit,  and  leaves  it  in  another.  This  may  not  be  asserted 
of  particles  of  an  elastic  fluid  filling  space. 

Again,  if  the  planet  moves  in  its  orbit  about  the  sun,  instead 
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in  the  assumed  right  line,  the  integration  may  not  be  ex- 
ided  ad  infinitum.  For  the  earth's  motion  to  and  fro  would 
•  the  very  distant  meteoroids  develop  resistances  in  opposite 
•ections  which  would  cancel  each  other,  the  action  of  the 
met  upon  the  more  remote  bodies  not  being  instantaneous 
t  requiring  long  periods  of  time  for  its  development. 

9.  The  action  of  one  of  these  bodies  on  the  earth  may  also 
looked  upon  as  like  an  impact.  For  we  may  consider  the 
perbolic  orbit  to  be  replaced  by  its  asymptotes  and  the  whole 
tion  of  the  earth  in  changing  the  body's  motion  to  be  concen- 
ited  at  one  point,  namely,  the  center  of  the  hyperbola.  The 
iction  of  the  body  upon  the  earth  will  be  of  the  nature  of  an 
pact  in  the  line  drawn  to  the  center  of  the  hyperbola.  The 
mbined  impacts  of  all  the  bodies  would  have  a  resultant  in 
3  direction  of  the  motion  of  the  bodies. 

Aprain  the  action  muy  be  regarded  as  though  the  earth  was 
motion  and  the  bodies  at  rest,  and  that  the  earth  drew  the 
lall  bodies  around  as  it  passed  them  into  its  own  wake  where 
ey  exert  a  greater  attraction  than  they  did  in  front  of  the 
rth.  This  concentration  would  not  take  place  if  the  bodies 
•raed  an  elastic  medium. 

10.  Thus  far  the  small  bodies  have  been  assumed  to  be  at 
3t  or  moving  in  one  direction  with  one  velocity.  Let  us  now 
tend  our  hypothesis  and  assume  that  the  bodies  have  all  the 
me  absolute  speed  cw,  but  that  their  absolute  velocities  are 
rected  to  points  evenly  distributed  over  the  celestial  sphere, 
at  the  bodies  are  as  before  evenly  distributed  in  space,  and 
at  the  earth  moves  with  a  velocity  u  through  the  system, 
le  velocities  relative  to  the  earth  will  not  be  uniform  nor 
eir  directions  evenly  distributed. 

To  represent  these  velocities  draw  AB  =  u,  and  about  B  as  a 
nter  with  the  radius  cu  describe  a  spherical  surface  CD.  AB 
ill  represent  in  amount  and  direction  the  earth's  velocity,  CB 
e  meteoroid's  absolute  velocity  and  AC  the  meteoroid's  rela- 
te velocity.  There  will  be  two  cases,  according  as  A  is 
ithin  or  without  the  sphere:  in  other  words  according  as  c  is 
3s  or  greater  than  unity.  The  distinction  between  these  will 
5  considered  further  on.  The  meteoroids  may  be  supposed  to 
•me  from  points  evenly  distributed  over  the  spherical  surface 
D. 
Let  the  angle  ABC=^,  BAC=^  and  AC=xm.     Then 

a;^=H-c'— 2ccos^, 
xdx:=c9\\\  OdO, 

cos  (p=z . 

11.  The  bodies  which  move  in  directions  which  make  angles 
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greater  than  0  and  less  than  0-¥dO  with  the  earth's  motion  con- 
stitute  a  fraction  of  the  whole  group  expressed  by  ^xuOdO. 
Their  united  action  upon  the  earth  at  right  angles  to  the  earth*8 
motion  is  zero  because  of  symmetry.  Each  meteor's  total 
action  multiplied  by  cos  (p  gives  the  effective  action  along  the 
line  of  the  earth's  motion.  If  we  represent  as  before  the  den- 
sity of  the  whole  system  by  5,  and  the  earth's  retardation  per 
second  in  feet  per  second  by />j,  we  have  instead  of  (6)  the 
formula, 

whence  p=  f         -p-  log  — xiri— <&•  (8) 

Since  x  does  not  vary  through  zero  the  lower  limit  must  be 
taken  arithmetically  positive,  whatever  be  the  value  of  c.  The 
value  of  the  definite  integral  will  be  different  according  as  c  is 

greater  than  unity,  or  less  than  unity.      The  factor  l+-^4 

may  be  considered  equal  to  unity  except  in  the  CAses  where 
c— 1  and  0  are  both  very  small  and  P  not  very  large.  The 
indefinite  integral  then  becomes, 

Hence  when  c<^l 
p,=?^']logP  +  log(l-o')-ilog((l+c)'+n((l-c)'+n  +  l 

or  p,  =  rf(A;logP— A), 

where  k  is  n  constant  (=6'83),  and  A  is  a  function  of  c.  But 
if  c^l  we  get 

3<Jr/,T,,       '•+!,,        (c-}y±l        J 

Hence  p^=8A^  where  A'  is  a  function  of  c  but  independent  of 
P'. 

12.  The  results  deducible   from  (9)  and  (10)   may  be  thus 
stated  as  a  theorem. 
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a  widely  extended  group  of  small  bodies  evenly  dis- 
ited  through  space  have  absolqjie  velocities  all  equal  to 

other  but  directed  towards  points  evenly  distributed  over 
mrface  of  the  celestial  sphere,  and  if  the  earth  moves  in  a 
\  line  through  them  ; 

)  A  portion  of  the  bodies  will  come  into  the  earth's  atmo- 
!re  and  affect  the  earth's  motion  in  the  manner  of  a  direct 
sion  ; 

)  The  rest  will  pass  by  and  exert  an  effect  by  reason  of 
itation. 

the  earth's  velocity  be  less  than  thai  of  the  bodies  the  total 
t  of  the  action  of  the  bodies  of  this  second  class  (6)  upon 
3arth*s  motion  will  be  an  exceedingly  minute  retardation 
he  earth's  motion,  even  though  the  extent  of  the  group 
ifinite.  The  outer  limit  of  the  group,  when  large,  disap- 
s  from  the  expression. 

,  however,  the  earth's  velocity  be  greater  than  that  of  the 
IS  the  total  effect  of  the  action  of  the  bodies  of  this  second 
\  upon  the  earth's  motion  will  consist  of  tw<3  parts : 
irst,  a  very  minute  acceleration  of  the  earth's  motion, 
ending  for  its  amount  upon  the  absolute  velocity  of  the 
es; 

3Cond,  a  retardation  of  the  earth  dependent  for  its  amount 
1  the  assumed  extent  of  the  group.  If  the  action  of 
e  bodies  which  would  pass  nearer  to  the  earth  than  a 
ince  P  be  considered  this  second  part  of  the  action  is  pro- 
ional  to  the  logarithm  of  P. 

hat  the  quantities  8 A  and  5A'  are  very  small  is  later  to  be 
/n. 

\.  The  change  in  the  form  of  the  expression  for  p^  ks  c 
3ases  through  unity,  and  its  likeness  to  the  abrupt  change 
le  potential  of  a  point  relative  to  a  thin  spherical  shell  as 
point  passes  inside  the  shell  is  worthy  of  notice, 
be  values  of  A  and  A'  being  independent  of  P,  are  depend- 
upon  the  inferior  limit  of  the  integral  (4),  which  should 
ifestly  be  a  function  of  c  and  6. 
i  In  the  two  forms  for  /o„  viz., 

v^alues  of  A,  A',  and  k  log  P,  can  be  computed  for  assumed 
es  of  c  and  P.     Thus  we  get  for  A  and  A' 


A 

c 

.1 

c 

A' 

c 

A' 

0-6 

0-7 

1-3 

1-1 

2-6 

1-4 

0-2 

0-7 

0-8 

2-1 

{•2 

0-9 

!•« 

0-1 

0-9 

0-9 

4-3 

1-3 

0-4 

1-6 

0-1 

Dr  a  distance  P  equal  to  the  radius  of  the  moon's  orbit 
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^  log  P= 27*8:  for  P  equal  to  the  radius  of  the  earth's  orbit 
h  log  P=68'5 :  and  for  P  e^ual  to  the  distance  of  a  star  having 
a  parallax  as  small  as  can  be  measured  ^logP=168  approxi- 
mately. 

15.  If  instead  of  regarding  c  as  constant  we  consider  a  series 
of  groups,  some  having  c<[l  and  some  having  c^l,  the  total 
value  of /o,  made  up  by  adding  the  several  values  for  the  groups, 
will  have  negative  values  of  A  partly  or  wholly  cancelled  by 
positive  values  of  A'. 

If  c  is  a  continuous  variable  in  a  group,  integration  takes  the 
place  of  summation.  In  particular,  if  c  varies  through  unity, 
and  there  is  no  abrupt  change  in  the  number  of  meteoroids  for 
which  c>l  and  c<[l,  the  values  6f  log  (c— 1)  and  log  (1— c)  by 
which  the  values  of  A  and  A'  become  infinite  when  c=l  will 
near  the  limit  cancel  each  other. 

16.  Turning  now  to  the  meteoroids  that  come  into  collision 
with  the  earth,  we  may  regard,  firstly,  the  earth  as  at  rest  and 
without  attraction  and  the  meteoroids  moving  past  with  a  uni- 
form velocity  v.  *  In  a  unit  of  time  the  earth  would  encounter 
the  bodies  which  would  fill  a  cylinder  whose  radius  is  r'  and 
length  is  v.  Their  mass  =5;rr"t;,  and  the  momentum  commu- 
nicated to  the  earth  is  dTt/^v^. 

If  the  earth's  attraction  be  now  considered,  the  value  of  r" 
should  become  p'*.     But  by  (5) 

.     andp=?^r'V(x«  +  2/?') 

where  p  includes  the  efiect  of  the  earth's  attraction  in  changing 
the  course  of  the  meteoroids  before  impact. 

17.  If  we  proceed  as  in  sections  10  and  11  to  consider  a  sys- 
tem of  meteoroids  equally  distributed  both  in  locus  and  in  di- 
rection of  absolute  motion,  we  find  for  iis  effect  />,  on  the  earth 
per  second  in  feet  per  second, 

p,=3  /  sin  ^ cos  cpvy\ie=^^  /  (l-ar«-e«)(2/?'+x')(fe. 

This  gives  for 

where  ^•and  %^  are  functions  of  c* 

*  In  his  treatment  of  this  question  (Astr.  Kach.  No.  2573)  Oppolzer  eeems  to 
have  overlooked  altogether  the  absolute  motions  of  the  meteoroids. 
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The  computed  values  of  ^  and  ^'  for  different  values  of  c 


3^ 

c 

^ 

C 

^' 

c 

■%' 

445 

0-7 

513 

1-0 

609 

1-3 

723 

465 

0-8 

543 

1-1 

645 

1-4 

764 

487 

0-9 

575 

1-2 

684 

1-6 
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18.  The  absolute  velocity  of  the  metcoroids  that  come  into 
;  earth's  atmosphere  must  be  in  general  greater  than  the 
•th's  velocity.  For  otherwise  the  number  of  shooting  stars 
5n  in  morning  hours  would  be  much  greater  relatively  to 
)se  seen  in  evening  hours  than  observations  show.  Comets 
i  meteors  have  like  orbits,  and  no  known  comet  would  have 
a  distance  unity  a  velocity  as  small  as  the  earth's  velocity, 
erefore  the  term  k  log  P  that  enters  into  the  expression  for 
applies  to  only  a  small  part  of  the  meieoroids.  Remember- 
f  this,  and  also  the  considerations  stated  in  section  15,  we 
ly  safely  say  that  in  the  sohir  system  />,>100/o,  that  is,  that 
5  effect  upon  the  earth's  motion  of  the  meteors  Oiai  come  into  the 
'ih's  atmosphere  exceeds  at  least  one  hundred  fold  that  of  the 
teora  that  pass  by  without  impact. 


tT.  LIT. — Sources  of  Trend  and  Orustal  Surplusage  in  Moun^ 
tain  Structures  ;*  by  ALEXANDER  WiNCHELL. 

Two  facts  in  mountain  structure  have  baffled,  hitherto,  the 
empis  made  to  arrive  at  a  comprehension  of  the  mechanics 
mountain  formation.  The  north-and-south  trend  of  the 
^founder  physiographic  features  of  the  earth  has  no  light 
't)wn  upon  it  by  any  of  the  orogenic  theories  commonly  en- 
•tained.  It  appears  also,  from  calculatiofis  made  by  Captain 
E.  Dutton,  Rev.  O.  Fisher  and  others,  that  the  shortening  of 
3  earth's  circumference  in  cooling  from  the  incrustive stage  to 
3  existing  temperature  would  be  insufficient  to  supply  the 
Ids  and  plications  wrought  into  the  structure  of  the  mountains, 
ofessor  E.  W.  Claypole  has  reached  a  similar  result  from 
proximate  measurements  across  a  portion  of  the  Appala- 
ian  chain  in  Pennsylvania.  These  determinations,  so  far  as 
ey  are  valid,  reveal  an  insufficiency  in  the  contractional  the- 
7.  Still  the  mechanical  principles  of  the  theory  cannot  be 
ccessfully  assailed;  and  it  becomes  necessary  to  seek  for 
me  cooperative  cause  which  has  hitherto  been  overlooked.  I 
nture  to  contribute  one  suggestion  toward  the  explanation  of 
3ridionality,  and  another  suited  to  aid  in  the  explanation  of 

*  Substance  of  a  communication   presented  to  the  Geological  Section  of  the 
tierican  Association,  August  27,  1885. 
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meridionality  and  sapply  also  an  adequate  supplement  of  crus- 
tal  surplusage  to  meet  the  demands  ox  orogenic  phenomena. 

1.  I  assume  that  meridionality  in  the  earth's  surface  features, 
will  be  granted.  There  are,  inaeed  many  transmeridional  fea* 
tures ;  but  they  have  arisen  from  geological  actions  compara- 
tively late.  The  oldest  mountain  chains  and  continental  lines 
tend  distinctly  toward  north-and-south  trends;  and  this  predis- 
position has  given  direction  to  many  trends  of  later  geological 
Appearance.  This  is  the  fundamental  impress  received  by  the 
earth's  crust.  Evidently,  it  belongs  to  a  primitive  formative 
stage.  We  must  seek  for  the  cause  in  the  early  periods  of  in- 
crustation. 

Now,  let  us  consider  lunar-tidal  action  during  those  periods. 
This  is  a  cause  to  which  I  appealed  in  a  work  published  as  long 
ago  as  1870,  and  in  periodical  literature  as  early  as  1858.  Were 
the  moon's  tidal  efficiency  no  greater  then  than  at  present,  its 
deformative  influence  must  have  been  experienced  by  the  earth. 
If  e>^er  our  planet  was  a  molten  sphere,  a  tidal  prolateness 
stretched  its  axis  in  the  direction  of  our  satellite  ;  and  the  axial 
revolution  of  the  planet  changed  constantly  the  portion  of  mat- 
ter tidally  elevated.  As  the  matter  of  the  molten  earth  pos- 
sesaed  some  degree  of  viscosity,  there  was  then,  as  always,  a 
tagging  of  the  tide,  and  the  moon  exerted  that  action  now  so 
well  understood,  which  antagonizes  the  planet's  rotation.  After 
incrustation  had  begun,  this  action  was  not  materially  dimin- 
ished. The  greater  viscosity  (or  partial  rigidity)  of  the  crust 
would,  in(feed,  tend  to  shorten  the  prolate  tidal  axis;  but,  in 
proportion  to  increase  of  the  index  of  viscosity;  the  lagging 
of  the  tide  would  also  increase  and  thus  augment  the  moon's 
retral  action  on  the  tidal  protuberance.  But  the  tide  continued 
to  rise  and  fall ;  and  would  have  continued  if  the  eanth  had 
become  solid  granite.  Tidal  movements  of  the  crust  must 
result  in  fractures,  friction  and  displacements. 

By  as  much  as  the  moon's  tangential  pull  on  the  tidal  mass 
was  capable  of  antagonizing  the  earth's  rotation,  by  the  same 
it  tended  to  displace  the  tidal  mass  toward  the  west.  There 
must  have  been  some  'retral  slipping.  The  power  which  could 
deform  a  planet  could  move  a  raft  of  frozen  matter  floating  on 
a  molten  liquid,  especially  if  floating  in  the  midst  of  a  hemis- 
phere of  fragments  more  or  less  discontinuous.  This  westward 
impulse  was  continually  repeated  on  each  meridian  as  it  came 
in  succession  into  the  position  of  the  tidal  crest.  The  effect 
was  such  as  could  result  from  a  westward  push  of  the  forming 
crust,  applied  successively  over  the  whole  surface  within  the 
parallels  limiting  the  tidal  disturbance.  The  slight  backward 
slipping  of  every  part  in  succession  of  the  tidally  moved  zone 
must  have  developed,  in  the  growing  crust,  internal  structures 
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leridionally  disposed.  These  must  have  consisted  of  incipient 
leridional  ridges  and  accumulations,  meridional  belts  of  greater 
od  less  strength,  and  belts  of  differentiated  internal  elements 
-either  in  form,  position  or  material. 

Now,  while  refrigerative  contraction  would  necessarily  de- 
elop  wrinkles  in  tne  crust,  it  would  not  determine  for  them 
meridional  trend.  This  was  pointed  out  by  Captain  Dutton. 
he  tidal  action  instanced  would,  however,  produce  this  result. 
or  can  it  be  pronounced  insignificant  in  amount,  since  evi- 
5ntly,  a  force  which  could  move  the  earth  on  its  axis  could 
ove  a  floating  patch  of  the  earth's  shattered  crust 

It  will  be  readily  understood  that  the  retral  slipping  of  the 
ial  mass  would  be  greatest  at  the  crest,  as  first  shown  by 
rofessor  G.  H.  Darwin,  and  would  diminish  according  to  a 
irtain  law,  toward  the  north  and  south.  As  the  mean  decli- 
itioQ  of  the  moon  may  be  regarded  as  zero,  the  greatest  mean 
ipping  would  be  on  the  equator.  The  sub-meridional  pre-dis- 
^sitions  instituted  would  therefore  trend  from  the  equator 
istward  of  north  and  south. 

If,  as  is  probable,  the  moon's  distance  were  much  less  during 
le  incrustive  periods,  the  tidal  results  cited  would  become 
lore  conspicuous.  If,  as  is  equally  probable,  the  earth's  rota- 
on  were  correspondingly  more  rapid,  the  tidal  results  would 
e  correspondingly  further  augmented. 

The  actions  here  considered  pertain  necessarily  to  the  early 
)rming  stages  of  the  crust,  and  have  impressed  its  profounder 
matures.  Later,  with  increased  rigidity  of  crust,  tidally  formed 
redispositions  were  less  controlling;  and  wfth  the  growth  of 
ceans,  crustal  pressures  were  experienced  from  othef  direc- 
ons.* 

2.  Meridional  trends  would  be  further  promoted  by  the  secular 
absidence  of  the  earth's  equatorial  protuberance.  That  this 
ccompaniment  of  the  slow  retardation  of  the  earth's  rotary 
lotion  must  have  exerted  geological  influences  was  first  dis- 
nctly  shown  by  Professor  J.  E.  Todd ;  and  I  have  elsewhere 
3Corded  the  fact  ;t  but  its  determinative  influence  on  the  trends 

*  These  views,  for  the  greater  part,  were  first  propounded  by  me  in  printed 
•rm  in  World  Lift.  Xov.,  1883,  pp.  252-255,  350-355 ;  but  were  taught  in  lect- 
res  several  years  previously. 

f  The  ample  resume  of  W-.  B.  Tayl9r.  in  the  Os^si^  number  of  this  Joiirnal 
ill  not  be  overlooked.  An  abstract  of  this  paper  was  read  before  the  Geological 
3ction  immediately  after  the  presentation  of  luy  own  communication. 
I  embrace  this  opportunity  to  remind  the  reader  that  the  first  conception  of  the 
yw  accepted  cause  of  the  moon's  synchronistic  motions  must  be  credited  to 
ant  rather  than  Ferrel,  as  Mr.  Taylor  thinks.  In  1754,  Kant  presented  to  the 
oyoki,  Academy  of  Sciences,  Berlin,  a  memoir  entitled  :  Untersuchung  der  Prage  oh 
le  Erde  in  ihrer  Umdrehung  um  die  Ackse  wodurch  sit  die  Ahwechselung  des  Thge* 
id  der  Nacht  hervorbringt  einige  Verdnderung  seit  den  ersten  Zeiten  ihres  Ur- 
yrunges  erliUen  habe.  After  appealing  to  the  action  of  the  tides  as  a  cause  of 
minution   of  the  earth's   rotational  velocity,  he  says :    ^'  Dieses  legt  uns  auf 
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of  the  earth's  wrinkles  was  first  conceived  by  me  in  the  early 
spring  of  1885.*  To  say  that  the  equatorial  protuberance  un- 
derwent a  secular  subsidence  is  to  say  that  the  equatorial  cir- 
curaference  of  the  earth,  as  an  eflfect  of  retarded  rotation,  ha« 
shortened  more  than  the  polar — that  indeed  the  polar  circum- 
ference has  lengthened.  That  is,  the  greatest  lateral  pressure 
has  been  experienced  from  east  and  west  around  the  equator. 
An  excess  of  pressure  in  this  direction  must  develope  crustal 
changes  having  north  and  south  continuity.  Whether  the 
results  were  foldings  or  orushings  together,  or  over  slippings, 
their  axis-trends  would  be  meridional.  This  cause  then,  con- 
spired with  early  tidal  action  in  predetermining  the  direction 
of  the  longitudinal  dimension  of  the  earth's  structural  features. 

3.  The  same  cause  produced  crustal  surplusage  around  the 
equatorial  zone.  Aside  from  refrigerative  contraction  of  the 
earth,  the  equatorial  circumference  diminished  while  the  polar 
increased.  This  cause  alone  would,  therefore,  have  developed 
meridional  mountain  plications  over  the  protuberant  belt.  If 
the  crustal  surplusage  resulting  from  refrigerative  contraction 
was  less  than  existing  mountain  plications  demand,  here  is  a 
cause  which  would  supplement  the  supply  from  that  source. 
Careful  measurements  may  show  that  the  supplementary  sur- 
plusage needed  is  not  greater  than  calculations  may  prove  this 
cause  capable  of  affording.  If  so,  thB  contractional  theory  will 
experience  the  relief  which  every  physical  geologist  must  have 
desired,  if  not  anticipated. 

4.  Tne  meridional  predisposition  depending  on  subsidence 
of  equatorial  protuberance  would  be  developed  north  and  south 
of  the  equator  as  far  as  the  parallels  marking  the  limits  of  the 
protaberance.  The  meridional  predisposition  induced  by  lunar 
tidal  action  would  be  experienced  north  and  south  of  the 
equator  to  the  latitude  marking  the  limits  of  the  prolate  tidal 
swell  resulting  from  the  moon  when  over  the  equator,  plxis  the 
amount  of  the  moon's  lunar-monthly  declinations.  The  extent 
of  these  actions,  therefore,  is  as  great  as  the  actual  trends  de- 
mand ;  and  embraces  also,  all  the  strongly  plicated  portions  of 
the  earth's  surface. 

einmal  die  Uraacho  doutlich  dar,  die  den  Mond  genothij^  hat,  in  seinem  Umlaufe 
um  die  Krdo  iminer  diesselbe  Seite  zuzukehren."  He  proceeds  to  say  that  this 
phenomenon  is  not  due  to  overloading  on  the  nearer  side;  that  the  influence 
began  at  the  moment  when  the  moon  abandoned  the  earth ;  that  the  moon  was 
at  first  in  a  fluid  state,  and  that  it  tlien  rotated  with  much  j^reater  velocity  than 
at  present.  This  historic  fact  deprives  Mr.  Ferrel  of  priority,  but  does  not 
diminish  the  credit  due  him.  Kant's  memoir  was  dated  at  Konigsberg,  the  iden- 
tical spot  where  Holraholtz,  one  hundred  years  later,  put  forth  the  same  thoughts 
as  original  with  him. 

*  It  is  but  just  credit  to  a  sagacious  pupil^  Mr.  W.  K.  Bond,  of  Albion,  N.  Y., 
to  say  that  he  embodied  a  clear  and  original  exposition  of  the  principle  in  a  thesis 
presented  in  June. 
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Art.  LIII. — The  Oenealogy  and  the  Age  of  the  Species  in  the 
Southern  Old-tertiary;  by  Otto  Meyer,  Ph.D. 

£PartB  of  this  article  were  read  at  the  meeting  of  the  National  Academy  of 

Sdenoes,  Albany,  N.  Y.,  November  12th.] 

Part  III. 

Heply  to  Criticisms, 

In  Part  II  of  my  essay  I  endeavored  for  several  reasons  to  be 
as  brief  as  possible.  Such  authors  and  sentences  only  were 
quoted  as  were  considered  absolutely  necessary,  saying :  **  Inter- 
esting as  it  would  be,  I  cannot  review  here  the  whole  literature 
regarding  this  subject,'*  (p.  65).  In  a  few  cases  it  was  ventured 
to  condense  the  result  oflong  researches  into  one  statement.  The 
criticisms*  in  the  October  number  of  this  Journal  have  shown 
that  I  was  wrong  in  doing  so,  and  I  now  propose  to  add  further 
explanations  in  consequence  of  the  misunderstandings  which 
have  resulted. 

Professor  Hilgard  contests  my  statements  about  his  work, 
and  says  that  the  stratigraphy  clearly  shows  the  succession  to 
be  commencing  below,  Claiborne,  Jackson  and  Vicksburg.  In 
replying  to  his  remarks  I  shall  endeavor  to  show  that  I  was 
right  in  aflBrming  that  Professor  Hilgard  has  not  proved  this 
to  be  the  true  succession.  I  designate  this  statement  of  mine 
as  Statement  B.  Mr.  Hilgard  also  says  that  he  differs  from  me 
"more  fundamentally  in  the  sweeping  statement"  that  "only 
a  competent  and  careful  examination  of  the  fossils  could  indi- 
cate the  relations  of  the  Old-tertiary  strata  of  Mississippi ;"  I 
am  therefore  obliged  also  to  explain  this  statement  of  mine 
(Statement  A)  in  detail.  Professor  Hilgard's  observations,  as 
far  as  all-important  points  are  concerned,  are  published  in  his 
"Geological  Report  of  Mississippi;"  Jackson,  1860  (beyond 
referred  to  as  "  I "),  and  "  On  the  Tertiary  formations  of 
Mississippi  and  Alabama ;"  this  Journal,  Jan.  1867,  pp.  29-41 
(beyond  abbreviated  to  "11^'). 

Statement  A. 

To  explain  this  statement  I  consider  it  necessary  to  proceed 
in  a  somewhat  methodical  manner.  We  ask  at  first:  can  we 
trace  the  typical  Vicksburg  or  Claiborne  bed  over  or  under  the 

*1.  The  Old  Tertiary  of  the  Southwest;  by  E.  W.  Hilgard,  pp.  266-269.  2.  Re- 
marks on  a  paper  of  Dr.  Olto  Meyer  on  "Species  in  the  Soutliern  Old-tertiary;" 
by  Eugene  A.  Smith,  pp.  270-275.  3.  Observations  upon  the  Tertiary  of  Ala- 
bama ;  by  T.  H.  Aldrich,  ibid.,  pp.  300-308. 
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typical  Jackson  bed  ?     If  two  of  the  beds  were  connected  di- 
rectly, for  instance,  by  a  river,  and  we  could  follow  the  strata 
foot  by  foot,  then  stratigraphy  alone  could  determine  their  rel- 
ative age  without  an  examination  of  fossils.     As  this  is  not 
f possible  there  remains  only  to  determine  strata  at  a  distance 
rom   a  typical   locality  as  belonging  positively  to  a  certain 
period,  and  then  to  study  the  stratigraphical  relations  to  each 
other  or  to  one  of  the  typical  localities.     Can  we  use  lithologi- 
cal  characters  in  the  determination,  of  a  stratum,  whether  it  was 
deposited  in  the  Claibornian,  Jacksonian  or  Vicksburgian  timet 
Professor  Smith  and  Mr.  Aldrich  seem  inclined  to  useliiholog- 
ical  characters  ;  but  I  cannot  attribute  to  them  any  value,  and 
Professor  Hilgard  seems  to  be  of  the  same  opinion,  for  he  says 
(II,  p.  30):  *'A  great  deal  of  the  obscurity  in  which  the  relative 
age  of  the  Southwestern  Tertiary  has  been  involved,  is  owing  to 
too  great  a  reliance  placed  by  most  observers  on  lithological 
characters,  differences  as  well  as  resemblances,"  and  (11,  p.  31) 
"  Nowhere  has  the  geologist  more  need  of  divesting  himself  of 
reliance  upon  lithological  characters,  than  in  the  study  of  the 
Mississippi  Eocene."     So  we  see  that  we  are  led  to  the  exami- 
nation of  fossils,  and  I  have  only  to  show  now  that  this  exami- 
nation must  be  "  competent  and  careful.*' 

Certain  fossils  may  have  lived  in  a  single  one  of  three  periods 
only,  as  far  at  least  as  the  region  in  question  is  concerned. 
Such  fossils  are  then  characteristic  of  this  era.  They  may  be 
designated  here  as  a  fossils.  I  am  not  able  to  name  with  certainty 
any  example  of  such  a  fossil  in  Alabama  and  Missi.Hsippi. 

Another  class  of  fossils,  here  called  ^  fossils,  occur  m  two  or 
more  of  these  beds,  so  nearly  alike  that  no  differences  are  recog- 
nized and  known.  For  instance,  I  am  unable  to  discriminate 
between  Cytherea  minima  Lea  from  Jackson  and  Claiborne,  be- 
tween Ah'tinus  minutus  Conr.  from  Vicksburg,  Jackson  and 
Claiborne,  and  nobody  else  lias  as  yet  published  a  recognized 
ditlerence. 

A  third  class  of  fossils,  ;'  fossils,  is  numerous  in  the  Southern 
OUl-iertiary.  It  embraces  such  fossils  as  occur  in  two  or  three 
beds  in  forms,  which,  though  similar,  are  in  some  respects  more 
or  loss  ditVerent  from  each  other;  these  differences  being  in 
some  oases  so  slight  as  to  be  apparent  only  on  the  closest  ex- 
amination :  in  other  cases  more  apparent,  and  sometimes  rather 
great.  For  instance,  Venericardia  planicosta  in  Jackson  and 
Claiborne  dill'er,  but  the  difference  is  so  slight,  that  I  have  not 
applieil  varietal  names.  In  other  cases  I  consider  the  differ- 
ences sullicient  to  justify  the  use  of  a  varietal  or  even  a  specific 
name.     For  examples,  see  Part  I  of  this  essay. 

A  fourth  class,  called  3  fossils,  are  such  as  nave  been  hitherto 
found  in  one  of  the  three  localities  only,  with  no  similar  forms 
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in  the  other  beds,  with  which  they  might  be  confounded.     For 
instance,  Area  Mississippiensis  Conr.  in  Vicksburg. 

Having  made  this  classification,  we  ask  what  is  the  value  of 
the  fossils  in  each  of  these  groups  for  determining  the  age  of  a 
newly  found  bed  in  the  region  in  question.  The  ^  fossils  are 
evidently  useless  for  this  purpose.  For  instance,  Cytherea  viin- 
ima  Lea  is  of  no  use  in  distinguishing  a  Claibornian  from  a 
Jacksonian  bed,  although  this  fossil,  as  long  as  it  is  not  found 
in  Vicksburg,  may  be  considered  a  8  fossil  in  reference  to  the 
Vicksburgian. 

This  argument  seems  simple,  and  yet  my  emphasizing  it  ap- 
pears to  have  been  in  vain.  I  had  to  remonstrate  in  Part  II  of 
this  essay  (p.  63)  against  Lyell's  using,  to  demonstrate  a  Claibor- 
nian age,  fossils  which  he  himself  cites  on  the  same  page  as  occur 
ring  in  Jackson  and  Vicksburg.  Nevertheless,  Mr.  Aldrich  and 
Professor  Smith  cite  (p.  306  and  p.  274)  fossils,  as  for  instance, 
Sosiellaria  w/dtoConr.,  Pecien  Deshaysi  Jj^vlj  Turbinoiia  Maclurii 
Lea,  Deiilolium  (halloides  Conr.,  Astarte  sulcata  Lea,  Melongena 
alveata  Conr.,  In/undibulum  (rochiformis,  Turritella  litieata, 
found  in  Jackson  as  well  as  in  Claiborne,  to  demonstrate  the 
Claibornian  age  of  a  bed.  Hilgard  uses  on  p.  269  the  genus 
Orbitoides  to  distinguish  from  the  Jacksonian  a  bed  in  Louis- 
iana as  Vicksburgian,  while  he  himself  has  determined  fourteen 
years  ago  both  known  species  of  Orbitoides,  and  a  new  one  be- 
sides, as  occurring  in  the  Jacksonian  strata  of  the  same  State 
(See  Hopkins's  Second  Annual  Eeport  of  the  Geol.  Surv.  of 
Louisiana.     New  Orleans,  1871 ;  pp.  11,  12,  13.) 

A  single  a  fossil,  however,  would  characterize  a  bed  at  once. 
But  what  are  a  fossils?  They  may  exist  among  the  8  fossils, 
but  they  must  not  be  confounded  with  them,  d  fossils,  though 
hitherto  found  in  only  one  bed,  are  constantly  being  found  on 
each  new  examination,  in  the  other  beds.  I  have  myself  found 
a  large  number  of  species  at  Jackson,  which  were  known  before 
only  from  Vicksburg  or  Claiborne.  Venericardia  rotunda  Lea, 
and  the  allied  form  V.  diversidentata  Meyer  have  been  known 
before  only  from  Claiborne  and  Jacksoii.  Neither  Conrad,  nor 
Hilgard,  nor  I  have  found  this  type  in  Vicksburg.  So  we 
might  have  been  tempted  to  consider  this  form  as  a  pood  d 
fossil  in  reference  to  Vicksburg.  Now  Mr.  Aldrich  says  (hfs 
article,  p.  308)  that  he  has  it  from  Vicksburg.  There  is  no  end 
of  this.  In  the  most  thoroughly  explored  Tertiary  localities  in 
Germany,  almost  every  new  examination  extends  the  range  of 
known  species,  beside  bringing  to  light  new  ones.  There  is 
another  reason  why  we  cannot  designate  any  fossil  as  a  fossil. 
We  cannot  expect  that  all  the  species  that  lived  during  the 
Vicksburgian  era  should  be  represented  at  the  locality  at  Vicks- 
burg.    During  the  same  time  very  diflferent  species  may  have 
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lived  in  Alabama,  and  among  their  remains  may  be  a  fossils. 
Since,  therefore,  we  do  not  know  a  fossils,  and  since  j9  fossils 
are  useless,  there  remain  only  y  and  d  fossils  for  the  determina- 
tion of  a  bed.  A  single  d  fossil  counts  for  little,  but  a  number 
of  them  affords  cumulative  evidenca  Of  the  greatest  import- 
ance for  our  purpose  are  the  y  fossils,  since  a  great  number  be- 
long in  this  class,  while  d  fossils  are  comparatively  scarce.  If 
we  find,  for  instance,  in  a  new  bed  nothing  but  Astarte  sulcata 
Lea,  Venericardia  rotunda  Lea  and  Miira  padilis  Conr.,  and  all 
these  in  that  form  in  which  they  occur  in  the  typical  Claiborn- 
ian  bed,  we  may  be  justified  in  referring  such  a  bed  to  the 
Claibornian.  For  such  a  comparison,  however,  it  is  essential 
that  we  recognize  and  state  the  diflferences  in  the  forms  as  they 
occur  in  the  three  beds.  K  a  diflference  between  two  y  forms  is 
not  recognized,  this  y  fossil  becomes  useless  for  the  identifi- 
cation of  beds.  For  instance,  if  Mr.  Aldrich  sees  no  diflference 
between  Voiericardia  rotunda  Lea  and  Ven,  diversidenlata  Meyer, 
but  says  they  are  alike  (his  article,  p.  307),  it  is  of  no  use,  that 
he  cites  Veri,  rotunda  among  those  forms,  which  demonstrate 
the  Claibornian  age  of  a  bed  (p.  306).  If  we  observe  the  dif- 
ferences, however,  these  ;'  fossils  (we  may  speak  here  of  "recog- 
nized "  ;'  fossils)  are  as  valuable  as  d  fossils  are. 

As  the  result  of  these  examinations,  we  can  say  now  the  fol- 
lowing: 

1.  There  are  no  a  fossils.  That  is,  there  exists  no  single  spe- 
cies from  which  alone  we  can  characterize  with  certainty  a  bed  as 
Claibornian,  etc. 

2.  y  fossils  which  are  not  "recognized,"  and  /3  fossils  are  useless 
in  the  determination  of  beds. 

3.  Beds  can  be  determined  only  by  d  fossils  and  "recognized" 
y  fossils. 

Having  now  collected  in  Vicksburg,  Jackson  and  Claiborne 
many  spocios  which  were  not  known  before,  or  known  only  from 
one  of  the  localities  at  the  time  of  Hilgard's  observations,  I  have 
seen,  that  a  number  of  such  species  which  he,  according  to  our 
classitioalioii,  had  to  consider  as  d  fossils  do  not  belong  to  this 
class  :uul  that  othei-s  exist,  which  he  did  not  know.  Ifcreover, 
anil  this  is  more  important,  he  did  not  use  in  a  systematic  way 
the  nu'lluni  of  *'  recognizing"  the  y  fossils.  After  having  worked 
aooonling  to  the  above  method,  and  with  my  present  knowledge 
of  I  ho  fossils,  through  all  his  determinations  of  beds,  I  come  to 
the  oonolusion,  ihat  some  of  them  are  imaginary,  many  of  them 
may  bo  probablo,  but  no  one  is  fully  established.  As  a  positive 
dotormination  of  iho  bods,  however,  is  the  foundation  of  concia- 
sions  I  mado  my  statoniont  A:  "only  a  competent  and  careful  ex- 
amination of  the  fossils  could  indicate  the  relations  of  the  Old-ter 
tiary  strata  of  Mississippi." 
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[  sel^t  here  three  cases,  where  the  determinations  of  Bilsard 
imaginary.    The  first  includes  those  based  upon  Zeaglodon. 
herever  he  finds  Zeuglodon  or  hears  that  the  bones  of  this 
mnl  have  beei)  found,  he  maps  the  locality  as  Jacksonian. 
thus  uses  Zeuglodon  practically  as  a  Jacksonian  a  fossil, 
is  not  necessary  to  repeat  here  what  is  said  about  a  fossils  in 
leral,  but  we  may  be  somewhat  surprised  to  find  that,  accord- 
to  our  definition,  Zeuglodon*  is  even  not  a  3  fossil,  that  is, 
s  not  found  among  the  marine  shells  of  Jackson  (see  list  of 
ikson  fossils,  I,  p.  132).     What  are  the  facts,  then,  cited  in 
vhere  Zeuglodon  is  found  with  other  fossils? 

.  From  observations  at  Moody's  Branch  and  in  the  McNutt 

Is,    Hilcjiird  deduces  that   Zeuglodon  bones  have  been  found 

*ve  the  Jackson  fossils,  above  but  separated  only  by  a  few  feet 

..  130,  131). 

;.  Zeuorlodon  found  with  Cypraea  fenestralis  and  Contis  tor- 

s  **and  a  very  large  Pyrula  not  seen  elsewhere"   (p.   134). 

L»  first  species  is  a  Jacksonian  6  fossil,  but  Conus  tortilis  (=  Co- 

r  itanridens)  extends  from  Vicksburg  to  Claiborne  (see  part  I  of 

i  essay,  p.  40G). 

1.    Zeuglodon    ibund   with    Oatrea^   Pecten   nuperus^   Scutella. 

*fen  ttuperus  {=P.  Deshayai  Lea)  is  either  a  y6f  or  not  "recog- 

pd  "  y  fossil. 

.  Zeuglodon  associated  in  prairies  with  "  an  oyster  somewhat 

ambling  Gryphcea  convexa  of  the  Cretaceous,  the  vertebrsBand 

ih  of  fish  and  a  branching  coral  {JEachara  sp.),  (p.  128.) 

)n  these  facts,  so  far  as  I  am  aware,  Hilgard  bases  the  use  of 
liilodon  as  a  Jacksonian  a  fossil  in  I.  In  a  later  article 
is  Journal,  1866,  p.  68),  he  cites  Zeuglodon  with  three  Jack- 
ian  d  fossils.  T  collected  and  have  in  my  possession  parts 
the  skull,  etc.  of  Zeuglodon  associated  with  the  oyster  and 
al  just  mentioned,  and  Pecten  Deshaysi  Lea,  between  Barnett 
I  Pachuta,  Clarke  Co.,  Miss.,  near  the  New  Orleans  R  R.,*  I 
'e  seen  a  large  vertebra  of  Zeuglodon  in  a  little  street  in 
terprise,  Miss.,  that  is  in  a  locality  which  I  consider  as  Clai- 
nian  :  1  do  not  know,  however,  whether  it  was  found  there. 
Drought  from  a  distance.  I  have  had  sent  me  from  Claiborne 
vertebra  of  a  large  marine  mammal,  which  I  have  presented 
he  Yale  College  Museum;  I  do  not  know,  however,  where  it 
?  found.  The  whole  literature  about  Zeuglodon  cannot  be 
'(i  here,  but  altogether  I  must  say  that  we  do  not  know  when 
I  how  long  Zeuglodon  was  living  in  the  waters  of  the  South- 

TIk*  greatest  part  of  the  same  specimen  had  been  collected,  before  I  came  to 
lociility.     I  saw  it  afterwards  in  the  exhibition  in  New  Orleaos  (1884),  ex- 
ted  by  the  State  of  Mississippi. 
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ern  Old-tertiary.  All  localities  which  are  mapped  by  t'rofeasor 
Hilgard  as  Jacksonian,  based  upon  the  presence  of  nothing 
but  Zeuglodon,  are  in  my  opinion  mapped  without  safficient 
reason. 

The  second  case  concerns  such  strata  as  are  determined  as 
Vicksburgian  by  nothing  except  Orbitotdes.  Orbitoides  baa 
been  found  in  Louisiana  in  a  fauna  determined  by  Hilgard  aa 
Jacksonian.  I  found  moreover  a  specimen  of  Orbitoides  in 
stratum  e  and  one  in  stratum  b  in  Claiborne.*  Orbitoides  is  a 
fi  fossil  from  Vicksburg  to  Claiborne,  and  this  Vicksburgian 
determination  is  therefore  without  any  foundation. 

The  third  case  refers  to  the  strata  north  of  Enterprise,  mapped 
by  Hilgard  as  "siliceous  Claiborne."  From  this  whole  large 
formation  he  cites  altogether  only  two  species,  Venericardia 
planicosla  and  ^*  Cardium  Nicolktif'^  (I,  p.  124).  The  first  spe- 
cies is  known  from  Claiborne  and  Jackson,  the  second  bqm 
Jackson.  Therefore  I  am  of  the  opinion  that  this  formation 
north  of  Enterprise  is  determined  as  Claibornian  withoat  a 
shadow  of  reason. 

Statement  JB, 

Hilgard  condenses  his  proof  of  the  succession  in  the  sentence 
printed  in  italics  :f  "  Going  down  streams  flowing  to  the  south- 
ward, the  strata  successively  sink  below  the  water's  edge  as  the 
observer  progresses,  in  the  order  Claiborne,  Jackson,  Vicksburg, 
Grand  Gulf,  as  identified  by  their  leading  fossils."  This  is 
based  mainly  upon  two  profiles  in  two  difierent  meridians,  the 
first  through  Jackson  along  the  Pearl  river,  the  second  along 
the  Chickasaw  ha  V. 

The  proof  rests  on  two  criteria.  The  first  is  that  all  the  strata 
are  determined  as  Claibornian,  Jacksonian  and  Vicksburgian 
in  a  reliable  way  ;  the  second  is,  that  they  have  the  stratigraph* 
ical  relation  which  Hilgard  here  claims,  that  is,  that  the  dip  in 
his  two  profiles  is  not  only  south,  but  nothing  else  than  south. 
Now  we  might  stop  and  say :  the  first  criterion  is  not  correct,  ve 
cannot  rely  upon  his  determination  of  the  beds,  consequently 
his  deductions  from  their  stratigraphical  relation  have  no  value. 
This  is  a  fact :  but  I  wish  to  show,  besides,  that  the  second  cri- 
terion is  even  worse  than  unreliable,  that  it  contradicts  Hilgard's 
own  observations. 

In  I,  Hilgard  static  that  the  dip  of  the  strata  in  Mississippi  is 
south,  with  one  exception.  This  exception,  however,  refos 
just  to  one  of  our  profiles.  In  I,  pp.  128,  129,  he  explains, 
that  the  dip  from  Jackson  to  Canton  is  north.     He  calls  this 

*  Part  II,  of  this  essiiy,  pp.  09,  70;   see  also  the  remark  below. 
f  His  aniolo,  p.  'JGS. 
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"  some  irregularity  "  (p.  128).  But  on  our  second  profile,  along 
the  Chickasawhay,  he  mentions  only  southern  dip.  In  II,  how- 
ever, he  says,  p.  37,  that  going  southward,  he  finds  an  anomalous 
reappearance  of  older  strata  in  two  different  meridians.  "One 
of  the  cases  is  noticed  in  my  report  (p^  128).  From  Jackson  to 
Canton,  etc"  "  The  other  case  occurs  on  the  Ohickasawhdy,  con- 
trary to  the  statement  in  my  report  (L  c),  in  making  which  lover- 
looked  some  specimens  and  notes  of  1855,  then  mislaid.  Then  he 
describes  how  Jackson  strata  "  dip  up "  again  at  the  most 
southern  part  of  the  belt  of  the  marine  Tertiary.  Further  he 
continues  (p.  38) :  "  So  far^  I  have  been  unable  to  observe  the  ma- 
rine Tertiary  in  juxtaposition  with  the  Orand  Oulf  group  on  Uie 
Chickasawhay  and  cannot  positively  assert  that  the  former  dips  un- 
der the  latter  at  all^  These  statements,  so  far  as  I  am  aware, 
Prof.  Hilgard  has  not  withdrawn  in  later  publications  and  there- 
fore I  cannot  imagine  anything  else,  than,  that  in  penning  his 
last  article  against  my  theory  he  has  entirely  forgotten  his  for- 
mer publications. 

Before  continuing,  I  give  now  a  general  profile  across  the 
marine  Tertiary  of  Mississippi  and  Alabama,  based  on  these 
observations  of  Hilgard  and  on  my  former  researches. 


General  profile  across  the  Southern  Old-tertluly. 

A',  A',  Lignitiferous  strata  with  gypsum,  without  Tertiary  shells ;  (A',  Eolig- 
nitic,  A',  Grand  Gulf);  V,  Vicksburgian ;  J,  Jacksonian;  C,  OlaibomiaiL    . 

According  to  this  profile  the  waters  of  the  Tertiary  formed 
a  belt  in  the  direction  E.S.E.  to  W.N.W.  (as  far  as  Alabama 
and  Mississippi  are  concerned).  Their  deposits  overlie  the  A^',  that 
is,  the  Grand  Gulf  group.  If  this  profile  is  right,  all  existing 
maps  are  Wrong,  since  they  represent  the  marine  Old- tertiary  as 
underlying  the  Grand  Gulf,  which  is  usually  colored  as  Miocene 
(see  the  maps  of  Heilprin  and  McGee);  while  I  think  that, 
with  perhaps  the  exception  of  some  local  fresh-water  formations, 
the  Grand  Gulf  group  is  older  than  the  marine  Old-tertiary. 
With  this  profile  I  need  nuc  explain  why  in  the  northern  part 
of  the  belt  the  dip  is  everywhere  south,  in  the  southern  part, 
however,  becomes  north,  and  why  older  strata  reappear  when 
we  go  south. 

This  phenomenon,  observed  twice  by  Hilgard  in  Mississippi, 
was  also  observed  by  Tuomey  in  Alabama.  I  cite  here  llil- 
gard,  II,  pp.  36,  37 :  "  In  the  general  (north  and  south)  section 


428         O.  Meyer — Oenealogy  and  Age  of  the  Species 

accompanying  Tuomey's  geological  maps  of  Alabama,  the 
tiary  strata  are  represented  as  dipping  southward,  confom 
with  those  of  the  Cretaceous.  Nevertheless,  in  the  section 
Baker's  Bluff*  to  the  lower  salt  works  on  the  Tombigb 
finds  the  white  limestone  (=Jackson  and  Vicksburg  grl 
occupying  *  a  trough-like  depression  in  the  Buhrstone  k 
tion.  In  conversations  with  me,  a  few  months  prior  l< 
death,  he  expressed  his  belief  that  such  was  the  general  d 
sition  of  the  Tertiary  strata,  and  that  on  close  exarainati 
would  turn  out  that  the  strata  passed  over  in  going  south 
from  the  border  of  the  Cretaceous,  would  be  again  pa&sed 
in  reversed  order  still  farther  south.  My  report  of  the  e 
ence  in  Mississippi  of  a  lignitiferous  formation  (the  Grand 
group)  southward  of  the  marine  Tertiary  seemed  to  con 
this  view."  We  see  that  Tuomey  before  his  death  came  tc 
same  opinion  about  the  stratigraphy  of  the  Southern  Old 
tiary  that  is  represented  by  the  above  profile. 

How  does  Hilgard  now  explain  this  "anomalous  reapp 
ance  of  older  strata"?     He  finds  the  cause  of  it  in  local 
heavals.      In   reference  to  Jackson,  he  says  (I,  p.  129): 
seems  difficult  to  account  for  this  condition  of  things  unlesi 
supposing  a  local  upheaval  of  the  underlying  formation  to  I 
taken  place  before  the  deposition  of  the  lowest  of  the  Jacl 
stage."     In  II,  p.  38,  he  explains  the  other  two  facts  in  a  s 
lar  way :  "  Similarly,  if  between  Baker's  Bluff  and  the 
Works  on  the  Tombigby,  or  between  Dr.  Miller's   and 
Bluff"  on  the  Chickasawhay,  the  sea  bottom  had  a  slight  troi 
shaped  undulation  (siich  as  the  ocean  beds  of  our  time 
quently  exhibit)  the  existing  state  of   things  would  resi 
We  see  that  Hilgard  has  to  use  the  hypothesis  of  local  und 
tion  in  each  of  the  three  sections  which  are  studied,  and  < 
time  at  the  southern  part  of  the  belt.     This  is  not  probe 
but  it  is  possible. 

There  are,  however,  other  observations  of  Hilgard,  wi 
agree  with  my  cross-section,  but  which  force  him  to  n 
hazardous  hypotheses.  As  already  cited,  he  has  not  obser 
the  juxtaposition  of  the  Grand  (julf  group  with  the  ma 
Tertiary  on  the  Chickasawhay.  He  continues,  however  (11 
38),  that,  "in  Hinds,  Rankin  and  Smith  counties  their  rela 
age  is  clearly  exhibited."  From  these  words  we  might  ex; 
that  he  has  observed  there  the  Grand  Gulf  beds  overlapping 
marine  Tertiary,  especially  the  Vicksburgian.  I  cannot  1 
any  place  in  Hilgard's  publications  where  this  is  actua 
proved.  On  the  contrary,  in  the  neighborhood  of  Brandon 
finds  the  lignito-gypseous  beds  of  the  Grand  Gulf  group  oi 
laid  by  limestone  with  Orbitoides  (I,  p.  138,  II,  p.  40).    1 
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■68  not  make  non  the  simple  conclusion,  that  the  Yicks- 
irgian  overlies  the  Grand  Gulf,  but  he  argues :  as  the 
itiksburgian  overlies  these  strata,  ihe;  cannot  belong  to  the 
rand  Gulf,  they  must  belong  to  the  Vickaburgian.  These 
rata  have  precisely  the  dliaracters  of  the  Grand  Gulf  group, 
id  Hilgard  says  expressly:  '■'■and  so  I  referred  them  ujitil  I 
und  them  overlaid  by  a  siring  of  limeslone  nodalet  containing 
Irbitoides,  about  forly-fim  feet  above  t/ie  itppannosl  sands  of  Oie 
'icksburg  group."  LimesU>ne  with  Orbitoides  is  certainly  ma- 
ine  Tertiary  and  is  considered  by  Hilgard  always  as  Vicka- 
lurgian.  Therefore  I  fail  to  see  not  only  why  he  does  not 
onclude  from  this  observation  that  the  marine  Tertiary  over- 
ies  the  Grand  Gulf,  but  also  why  he  doa'?  not  mention  it  as  a 
Bse  where  the  Vickaburg  group  "dips  up,"  or  has  a  northern 
lip,  since  this  follows  from  liis  statement  of  the  heightSf 

If  Vicksburg  is  at  the  to|>  of  the  marine  Old-tertiary  we 
hould  expect  to  tind  below  it  the  Jacksonian  and  Claiborntan. 
iVe  cannot  expect  to  find  exactly  the  same  species  as  at  Jack- 
on  and  at  Claiborne  ;  for  during  the  Jacksonian  and  Olaiborn- 
tn  time  a  different  fauna  may  liave  lived  in  Vicksburg,  con- 
listing  perhaps  of  a  few  species  only.  But  what  we  have  to 
ixpeul  is  to  find  at  least  marine  Tertiary.  What  is,  however, 
Jiebase  of  the  Vicksburg  Ti-rtiary  at  Vicksburg?  I  have  not 
)bgerved  it,  but  according  to  Hilgard,  I,  p.  141,  there  are  below 
ny  "Lower  Vicksburgian"  at  first  "25  feet  of  gray  or  black  lig- 
jiticciays  or  sands  with  iron  pyrites,  exuding  salts  and  sul- 
Dhuretled  hydrogen."  Then  "3  feet  solid,  lustrous  lignite, 
nilh  whitish  cleavage  |)Iaoes,"  and  then  follows  the  top  of  a 
imeilone  without  fossils.  This  is  what  we  should  expect 
icconiing  to  my  profile— lignitiferoua  strata  without  marine 
'osails;  even  the  salt,  which  according  to  Hilgard  (I,  p.  148) 
iberacterizes  the  Grand  Gulf,  is  not  wanting. 

What  ia  under  the  Jacksonian  at  Jackson  and  neighborhood? 
We  (ind  (I,  |).  123) ;  "  In  the  wells  bored  in  Stmth  Madison  by 
he  Rev.  Mr.  Lambuth,  the  fossiliferous  marine  etraia  of  the 
lacbflon  group  were  passed  through  at  about  90  feet,  after 
»liich  'blue  dirt,'  with  seleniie,  several  ledges  of  sandstone 
iTid  a  lignite  bed  •<{  40  feut  thickness  were  struck,  but  no  more 
narine  strata  were  reached  at  a  depth  of  415  feet."  We  see 
lere  that  the  non-marine  lignitiferous  strata,  which  crop  out  at 
I  few  places  in  Vjcksbtti^,  appear  here  near  Jackson,  but  north 
>f  it,  m  a  depth  of  90  feet,  and  then  have  a  thickness  of  at 
east  325  feet.  Hilgard  continues;  "At  Jackson,  however,  at 
■be  Penitentiary  well,  after  passing  through  32  feet  of  surface 
nateriat  and  fossiliferous  strata  of  the  Jackson  age,  lignitic 
Jays  were  penetrated  for  418  feet,  after  whicii  a  bed  of  shells 
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20  feet  thick,  extremely  rich  in  greensand,  was  passed  through 
into  water-bearing  sand.     The  friable  shells  brought  up  by  the 
auger  are  too  much  comminuted  to  allow  of  determination. 
Whether  this  led  to  a  continuation  of  the  Shongalo  deposit  or 
an  independent  basin  or  estuary :  there  can  be  little  doubt  that 
it  also  is  of  the  Claiborne  age."    So  we  see  that  the  non-marine 
lignititerous  strata  below  the  marine  Tertiary  have  a  thickness 
of  418  feet  beneath  Jackson.     Hilgard^s  last  sentence  ^i^ives  ug 
his  explanation  of  these  phenomena,  precisely  expressed  on  p. 
107:  "The  several   marine  stages  are  in   most  cases  separated 
by  intervening  strata  of  dark  colored,  often  liLjnitic  clays,  as 
above  mentioned ;  moreover,  both  the  base  and  the  top  of  the 
Older  Tertiary  are  formed  by  strata  of  this  character  of  consid- 
erable  thickness.''     Now  it  seems  probable  that,  especially  in 
the  lower  part  of  the  marine  Tertiary,  lignitiferous  beds  of 
moderate  thickness  may  appear  between  the  other  strata;  bat 
what  Hilgard  advances  here  looks  to  me  extremely  improbable, 
A   Jacksonian    of   30   feet,  separated   from    a  Claibomian,  of 
which  no  shell  is  determined,  by  418  feet  non-marine  lignit- 
iferous strata  appears  to  me  a  hazardous  hypothesis.     In  the 
same  way  Ililgard  is  obliged  to  accept  that  the  Vicksburgian  is 
separated  from   the  Jacksonian   below  it  by  the  same  kind  of 
strata  of  uiiknown  thickness.     He  might  reply:  the  thickness 
of  these  lignitiferous  strata  in  Vicksburg  is  only  28  feet  and 
then  follows  a  Jacksonian  limestone  (I,  p.  141),  but  what  frag- 
ment of  a  fossil  has  he  for  such  a  determination  of  this  lime- 
stone i 

The  most  inexplicable  of  all  things  for  Mr.  Hilgard,  how- 
ever, must  be  and  is  the  fact,  that  in  bis  Grand  Gulf  formation, 
which  surpasses  greatly  in  extent  the  whole  marine  Tertiary  in 
Mississippi,  not  a  fragment  of  a  marine  shell  has  been  found 
(see  I  and  II,  pp.  40,  41).  II,  p.  40,  says:  "Neither  Wailes, 
who  resided  among  them  ....  nor  myself,  who  have  delved 
in  scores  of  exposures,  have  ever  found  a  trace  of  any  fossil 
whatsoever.''  If  the  Grand  Gulf  group  originated  by  a  rising 
of  the  coast  after  the  time  of  the  Old-Tortiary,  why  has  not  a 
single  Miocene  shell  been  found  in  this  enormous  "Miocene" 
territory?  In  II,  p.  41,  Hilgard  attempts  an  explanation. 
"Should  the  chain  of  the  Antilles,  after  the  close  of  the  E^x^ene 
epoch,  have  for  some  time  cut  off  the  Gulf  of  Mexico  from  the 
Atlantic,  it  seems  ix)ssib!e  that  the  deposits  of  the  former  might 
have  changed  their  character  to  the  extent  required  by  the 
facts  observed.  A  strong  influx  of  fresh  wat^jr — perhaps  that 
pertaining  to  the  Great  Lignite  era — from  the  continent  noight 
for  the  time  beinsr  have  extinoruished  the  Eocene  marine  fauna 
wituout  replacing  it  by  another  sufficiently  numerous  to  be 
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'mdilj  detected  in  the  deposits  of  the  period,  which  might  thus 
^rrespond  to  the  Atlantic  Miocene.  Upon  the  subsequent 
iTTuption  of  the  Gulf  Stream  through  the  Autillea  chain,  the 
formation  of  normal  marine  deposits  along  the  margin  of  the 
Golf  would  be  resumed." 

This  and  the  other  hypotheses,  to  which  Hilgard  is  forced 
by  his  observations,  appear  to  me  so  surprising,  tliat  I  found  no 
other  explanation  than  that  which  was  expressed  by  my  state- 
ment, that  he  accepted  the  theory  of  his  predecessors  as  a 
proved  fact.  This  statement  is  also  attacked  with  much 
Warmth  by  Hilgard  in  his  article,  but  I  do  not  see  any  reason 
to  withdraw  either  this  or  my  other  statements  about  his  work. 
fa  oae  case,  however,  Hilgard  protesla  with  reason  against  one 
if  my  sentences  (p.  66):  "Therefore  Hilgard  made  this  belt 
oake  a  sharp  curve  around  Jackson."  This  miiy  sound,  as  he 
mderstands  it,  as  if  he  did  not  Snd  the  Vicksburgian  south  of 
lackaon,  where  he  maps  it  This  I  do  not  wish  to  say.  I 
withdraw  the  sentence  and  replace  it  by  the  following:  "  There- 
fore Hilgard  had  here  at  least  to  look  for  a  deviation  from  the 
r^ular  straight  line." 

The  only  (marine?)  shells,'  so  far  as  I  am  aware,  that  are 
luown  in  the  Grand  Gulf  group,  were  observed  by  A.  Bigelow  * 
in  Alabama.  In  the  lower  part  of  "a  sandstone  formation, 
which  is  quite  extensive  in  the  s»uthern  part  of  that  State,"  he 
observes  "very  obscure  impressions  of  sheila,  apparently  all 
bivalves.  There  are  evidently  several  genera;  the  outlines  of 
K>me  are  quite  regular,  and  in  two  or  three  a  part  of  the  hinge 
s  discernible,"  This  does  not  sound  like  Miocene.  Bigelow 
»nti[iues  on  the  next  page:  "It  is  questionable  whether 
mpressions  of  sliells  can  be  found  in  any  other  place  than  the 
me  I  have  mentioned."  He  finishes  his  article:  "The  age  of 
.bis  sandstone  I  am  unable  to  determine;  I  hope  to  have  tiie 
)pportunity  soon  of  submitting  my  specimens  to  some  one  well 
Lcquainted  with  foBsils."  Ii  is  to  be  regretted  that  Bigelow 
leems  to  have  found  no  such  opportunity.  Can  any  one  give 
iny  information  in  regard  to  these  fossils? 

The  Grand  Gulf  in  Louisiana  is  described  by  Hopkins.f  I 
fail  to  see  in  his  report  any  proof  ot  an  overlyin^i;  of  this  group 
Dver  the  Vicksbui^ian.  On  the  contrary,  at  the  southern  part 
jf  the  marine  Tertiary  belt,  in  Catahoula  parish  {p.  18),  he 
itates  that  a  bed  containing  Corbula  alia  overlies  lignitic  beds, 
ind  gives  an  explanation  of  this  fact  similar  to  that  of  Hilg:ird. 
Hopkins's  explanation  of  the  absence  of  fossils  in  the  Grand 
Gulf  is  the  following  (p.  20):  "It  is,  that  the  water  must  have 
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contained  too  much  salt  for  the  freshwater  species  to  live  in  it; 
and  too  little  for  the  marine,  and  must  have  been  subject  to 
great  fluctuations  in  freshness  by  the  influx  of  water  in  wet 
seasons,  and  its  evaporation  in  dry,  to  exclude  species  that  can 
live  in  brackish   water."     From   the  advanced  state  of  erosion 
of  the  Grand  Gulf  group  under  its  cover  of  drift  (pp.  20,  31) 
Hopkins  concludes  that  at  least  during  the  Pliocene  time  this 
group  must  have  been  dry  land.     On  p.  18  Professor  Hopkins 
says :  **  A  rather  sharp  series  of  escarpments  marks  the  northern 
boundary  of  the  Grand  Gulf.'*     These  are  perhaps  old  shore- 
lines. 

Professor  Hilgard  determined  a  certain  portion  of  Louisiana 
territory  in  Landry  parish  within  70  miles  of  the  Gulf  coast  at 
first  as  Grand  Gulf,  then  as  Cretaceous*  In  another  article •!" 
he  says:  "While  the  Vicksburg  rocks  show  at  all  long  expo- 
sures a  distinct  southward  dip  of  some  three  to  five  oegrees, 
the  position  of  the  Grand  Gulf  strata  can  rarely  be  shown  to  be 
otherwise  than  nearly  or  quite  horizontal  on  the  average; 
although  in  many  cases  faults  or  subsidences  have  caused  then 
to  dtpi  sometiiaes  quite  steeply^  in  almost  any  direction,'^  Why 
'have  these  **  Miocene  or  Post-miocene "  disturbances  left  the 
Eocene  strata  undisturbed  ? 

Interesting  as  it  would  be  to  discuss  more  fully  the  Grand 
Gulf  and  Eolignitic,  brevity  again  obliges  me  to  turn  to  Pro- 
fessor Smith  and  Mr.  Aldrich.  I  myself  described  limestone 
in  the  profile  of  Claiborne  above  the  proper  Claibornian,  stratum 
**e."  Therefore  Professor  Smith  miglit  have  omitted  every- 
thing by  which  he  attemps  to  show  the  same  thing,  that  is,  that 
this  stratum  is  sometimes  overlaid  by  limestone.  His  article 
and  the  corresponding  part  in  that  of  Mr.  Aldrich,  however, 
attemf)t  to  show,  moreover,  that  Orhitoules  and  Spondylut 
durnosus  occur  above  **c."  Professor  Smith  as  well  as  Mr. 
Aldrich  believe  that  they  have  proved  this  beyond  doubt 
While  still  questioning  it,  I  will  here  not  dispute  it.  It  follows 
that  no  conclusion  can  be  made  either  from  Orhiioides  or  from 
Spondylus  duviosus,  as  they  occur  above  as  well  as  below 
stratum  **f.''  I  fail,  however,  to  find  anything  in  Professor 
Smith's  article  that  proves  the  fauna  in  Ja  -kson  or  Vicksburg 
in  Mississippi  to  be  more  recent  than  that  in  the  stratum  '*«" 
in  Claiborne  in  Alabama,  and  hence  say  nothing  further  on  this 
point. 

As  to  three  charges  made  against  me  I  add  a  few  words: 

I  indicated  some  words  in  a  quotation  from  Lvell  bv 

by  dots.     Professor  Smith  says  that  I  thus  carefully  omitted 
the  proof  of  Lyell.     I  carefully  scrutinized  these  words  before 

♦  See  this  Journal,  Nov.,  1669,  p.  343.        f  This  Journal,  July,  1881,  p.  68. 


in  the  Southern  Old-tertiary.  433 

iBing  dots,  and  dotted  tbem  because  if  they  had  beeo  cited,  it 
Bould  have  been  necessary  to  show  the  reader  that  ihey  did 
not  prove  anything  at  all.  I  should  have  been  obliged  to  show 
how  Lyell  fails  to  give  the  proof  of  this  statement  here  or  after- 
wards, how  no  author  iu  the  following  literature  proves  this 
Btalement  about  this  locality,  and  how  Tuomey,  a  good  ob- 
server, knowing  the  strata  of  Alabama  better  than  anybody 
before  him  and  accepting  all  conclusions  of  Lyell,  flatly  con- 
iredicis  this  statement  by  saying :  "  It  must  be  recollected  that 
the  Claiborne  fossiliferous  bud  is  nowhere  in  absolute  juxtapo- 
ijtion  with  the  overlying  Orbiloides  limestone,"  which  words  I 
ited  afterwards  (p.  64). 

Oq  page  2T3,  Professor  Smith  says  that  I  did  not  quote  an 
■tide  of  Hale;   and  Mr.   Aldrich  also  refers  (p.  SO 6)  to  the 

me  apparent  neglect.  As  I  mention  Mr.  Hale's  name  on 
ige  69,  in  the  fourth  line,  it  was  sufficiently  manifest  that  I 
aew  of  his  published  paper,  and  since  I  say  tb.it  I  do  not 
■tempt  to  review  tlie  whole  literature,  they  should  have 
iferred  that  I  found  nothing  of  sufficient  importance  in  Mr. 
lale's  article  to  require  a  further  mention.  As  attention  has 
aus  been  drawn  to  Mr.  Hale's  article,  I  will  here  state  that, 
itbough  it  is  not  directly  connected  with  our  subject,  one  fact 
'hich  he  mentions  is  of  the  highest  interest  and  has  impres.sed 
le  for  a  long  time.  On  page  S57  and  358  he  speaks  of  a  ter- 
eslrial  vertebrate  fauna,  found  as  far  as  I  can  understand  hira, 
1  the  proper  Claibornian  stratum,  A  cranium  from  this  fauna 
I  his  cabinet  he  compares  with  Glyptodon.  I  have  not  found 
nything  about  this  in  the  rest  of  the  literature.  Can  anyone 
ive  information  about  this  very  remarkable  fauna  and  tell 
here  the  specimens  are? 

One  of  my  main  purposes  in  Claiborne  was  to  keep  the  fossils 
f  the  different  strata  separate  from  each  other.  Therefore 
le  suggestion  of  Professor  Smith,  that  my  specimen  of  Orbi- 
)i<les  in  "i"  (and  in  "e")  and  Conrad's  Spondylus  dumosus  might 
ave  been  washed  down  from  the  higher  strata  above,  is  not 
ery  flattering  either  to  me  or  to  Conrad.  Conrad  says,  that 
e  found  his  specimen  attached  to  an  oyster  in  the  resp. 
traium.  So  this  oyster  must  have  been  washed  down  also, 
iut  I  fail  U}  see  d  priori,  why  Professor  Smith  suggests  this 
■ossibility.  Aa  yet  no  observer  has  found  a  single  specimen 
■f  these  two  species  in  the  strala  above  "e"  in  the  Claiborne 
irofile.  Therefore,  as  far  as  we  know  from  observations,  they 
lo  not  occur  there.  TTow,  then,  could  they  be  washed  down? 
is  for  Spondt/lus  dumosus,  moreover,  Mr.  Aldrich  states  (p. 
;05)  that  he  has  "lately  found  it  at  Hatchitigbee  bluff,  25  feet 
)eneaih  the  buhrsione,"  that  is  still  lower  beneath  the  proper 
JIaibornian  than  Conrad  found  it. 
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Mr.  Aldricli  says,  p.  303:  "Now  if  Dr.  Meyer's  theory  is 
correct  we  should  find  underneath  the  Claiborne  beds  the 
Jackson  and  the  Vicksburu  formations." 

He  then  proceeds  to  show  that  several  hundred  feet  of 
marine  Tertiary  occur  beneath  the  Claibornian,  while  no  one 
has  demonstrated  the  i^^cistence  of  such  strata  below  the  Vicks- 
burgian.  Does  now  Mr.  Aldrich  expect  that  all  those  species 
which  lived  during  the  Vicksburgian  era  at  Vicksburg  nnd 
these  alone  lived  also  at  every  place  in  Alabama  ?  I  explained 
that  the  fauf»a  of  Wood's  Bluff,  a  locality  far  below  the  Clai- 
bornian, contains  entirely  new  forms  or  ^  fossils,  which  two 
classes  do  not  indicate  an  age.  It  contains  also  a  few  Vicks- 
burgian (one  Jacksonian)  d  fossils.*  This  is  as  much  a^j  we 
can  expect  according  to  my  theory,  and  I  gave  this  as  my 
"reason  6.''  Mr.  Aldrich  seems  now  to  have  the  following 
opinion  about  the  range  of,  for  instance,  that  variety  of  Pleuro- 
toma  terebrans^  which  Conrad  calls  P.  cristata :  this  variety 
occurs  in  the  lowest  part  of  the  whole  Tertiary  (Wood's  Bluff 
and  lower);  then  follow  700  feet  without  it,  then  the  whole 
Claibornian  and  the  whole  Jacksonian  without  it  arid  at  the  lop 
we  find  the  same  variety  again  in  the  Vicksburgian.  While 
according  to  my  theory  this  form  occurs  probably  only  in  the 
Vicksburgian.  Mr.  Aldrich  misunderstands  my  reasons  3  to  6 
so  thoroughly  that  it  is  perhaps  useless  to  explain  them  at 
length  and  to  compare  this  explanation  with  what  he  says  about 
them.     Three  i)oints  onlv  mav  be  mentioned. 

There  may  bit  two  diHerent  opinions  about  the  relation  of 
the  two  varieties  of  a  /^  fossil :  1.  They  have  a  common  near 
ancestor.  2.  They  are  connected  bv  direct  descent.  As  all 
agree  that  the  Vicksburgian,  Jacksonian  and  Claibornian  was 
deposited  in  different  times,  I  think  thut  the  second  opinion  is 
the   best  explanation.     This — that   this   opinion    is   the  most 

?robable — is  the  theory  advanced  in  the  first  part  of  this  essay, 
rofessor  Smith  calls  this  (p.  270):  *' inferences  derived  from 
what  he  thinks  should  have  been  the  course  of  evolution."  He 
as  well  as  Mr.  Aldrich  think  now  that  I  base  my  reasons  3 
to  5  upon  this  theory.  Only  reason  5  is  based  upon  it.  Mr. 
Aldrich  says  that  the  argument  in  reason  5  **  passes  his  under- 
standing." This  is  not  my  fault,  it  is  not  my  duty  to  explain 
to  him  the  **  biogenetische  Grundgesetz.''  Reasons  3  and  i 
are  general  methods,  independent  of  direct  or  indirect  descent. 
In  reason  7  T  cite  the  observation  of  an  author  and  say  what 
conclusions  I  make  from  them.  Mr.  Aldrich  need  not  accept 
mj'  conclusions  if  he  thinks  they  are  wrong,  but  he  has  no 

*  Mr.  Aldrich 's  menlion  of  Xatica  Mississippiensis  Conr.  from  Wood's  Bluff  ip 
308)  eorroboratos  Professor  Heilprin's  detormiDatioQ  of  this  Vicksburgian  fo^-sil 
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jht  to  say:  "  Here  Dr.  Meyer  is  guilty  of  assaming  a  paral- 
ism  which  he  has  not  seen."  On  p.  305  he  says:  *f  if  they 
e  below  this  then  Dr.  Meyer  has  to  sandwich  in  between 
aiborne  and  Jackson  the  whole  of  the  Buhrstone  formation." 
r.  Aldrich  misunderstands  me  again.  I  do  not  and  I  need 
»t  accept  such  a  theory  of  "sandwiches'*  of  several  hundred 
3t  thickness,  as  Hilgard  is  obliged  to  do  and  Mr.  Aldrich 
ust  do  with  him,  if  he  wishes  to  maintain  the  old  theory. 
)  avoid  further  misunderstandings  1  give  here  a  table  of  the 
•ata  in  Mississippi  and  Alabama.  As  far  as  the  Red  Blutf  is 
ncerned,  I  accept  Hilgard's  determination  (I,  pp.  135, 136),  as 
is  is  apparently  corroborated  by  my  own  observations  on 
ssils. 


Miss. 


Ala. 


ubomian. 


cksonian. 


EnterpriRe  ? 


The  Claiborne  profile. 


cksburgiaD. 


Jackson, 
(Moody's  Branch). 


Red  Bluff. 

Higher  Vicksburgian. 
Middle  Vicksburgian. 
Lower  Vicksburgian. 


Buhrstone,  etc. 


Wood's  Bluff  and  strata 
below. 


Grand  Gulf  =  ?  Eolignitic. 


RT.  LIV. — The  Condensiftfj  Hygrometer  and  the  Psychrometer  ; 

by  JLIenry  A.  IIazen. 

[Read  before  the  Washington  Philosophical  Society,  Oct.  24,  1885.] 

Much  has  been  written  and  said  against  the  use  of  a  condens- 
g  hygrometer  for  determining  accurately  the  moisture  contents 
the  air.  The  following  is  a  recent  example :  Mr.  R  Strachan 
England,  writes  a**  follows  to  Symons's  Meteorological  Maga- 
ne  for  June,  188S:  "A  condensing  hygrometer,  whether 
aniell's,  Regnault's,  Dines'sor  AUuard's,  has  the  thermometer's 
lib  immersed  in  a  cooling  medium,  and  one  surface  of  the 
5w  plate  is  also  in  contact  with  the  cooling  medium,  but  the 
irface  upon  which  the  dew  is  formed  is  cooled  by  conduction 
id  is  exposed  to  the  air  which  may  be  many  degrees,  50  or 
),  or  more,  warmer.  In  these  circumstances,  when  dew  ap- 
jars,  the  thermometer  must  bo  colder  than  the  outside  of  the 
lace.    When  the  dew  disappears  the  thermometer  cannot  have 
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received  the  same  addition  of  heat  as  the  outer  surface  of  the 
plate."  There  seems  to  be  a  slight  misconception  by  the  writer 
of  the  above  as  to  the  amount  of  the  effect  under  these  con- 
ditions. It  is  an  undoubted  fact  that  in  the  hands  of  an  un- 
skilled observer  the  results  will  be  exceedingly  faulty,  but  if 
due  attention  be  paid  to  the  elimination  of  errors,  a  fairly  con- 
stant determination  of  the  dew-point  may  be  made  again  and 
again  and  under  widely  differing  conditions. 

The  psychrometer  has  received  even  greater  condemnation 
than  the  instrument  just  alluded  to.  The  following  is  quoted 
from  Symons's  Magazine  for  May,  1885.  p.  56,  and  is  an  extract 
from  a  letter  by  Mr.  Dines:  *'  Wc  have  for  many  years  past  relied 
almost  exclusively  on  the  indications  of  dry  and  wet-bulb  ther- 
mometers to  give  relative  humidity  ;  it  is  now  admitted  that 'all 
deductions  from  these  are  open  to  doubt.'  I  should  go  further 
than  this  and  say  that  they  ought  not  any  longer  to  be  used  for 
that  purpose.  It  is  only  too  true  to  say  that,  out  of  the  mass 
of  observations  which  has  been  accumulating  for  the  last  few 
years,  wc  have  no  data  upon  which  we  can  rely  to  ascertain  to 
what  degree  of  humidity  the  air  attains  in  this  country,  and 
which  is  of  far  more  importance,  to  compare  the  dryness  of  the 
air  at  one  place  with  that  at  another;  even  at  times  when  both 
thertnometei*s  read  alike  it  does  not  follow  that  the  air  is  sum 
mted  with  vapor,  or  in  other  words  that  its  relative  humidity 
is  100  per  cent.  Objections  have  been  made  to  the  form 
in  which  the  figures  composing  a  table  of  relative  humidity  are 
given,  but  this  is  as  nothing  when  compared  with  the  manner 
in  which  those  figures  are  obtained.  I  should  be  sorry  to  say 
one  word  against  the  use  of  the  dry  and  wet  thermometers,  but 
instances  by  the  thousand  show  plainly  that  they  are  not  fitted 
to  give  the  dew-point  temperature,  and  it  is  to  the  persistent 
use  of  thefn  for  this  purpose,  that  Mason's  Hygrometer,  one  of 
tljc  most  simple  and  useful  of  ail  meteorological  instruments,  has 
been  brought  into  discredit."  Here  again  there  is  great  mis- 
understanding;  it  is  granted  that,  as  ordinarily  observed,  the 
])sy(!l)rometcr,  in  a  very  close  shelter  or  on  the  north  side  of  a 
building  where  there  is  no  ventilation,  will  give  exceedingly 
unsatisfactory  results,  but  that  is  not  the  fault  of  the  instrument. 
It  is  hoped  to  show  that  with  proper  care  the  indications  of  the 
psychrometer  mny  be  made  very  accurate,  and,  what  is  tnore 
important,  may  be  made  nearly  invariable,  i.  e.,  so  that  consUint 
results  may  be  had  under  tlie  same  conditions.  Unfavorable 
criticisms  like  the  above  might  bo  quoted  sufficiently  numerous 
to  fill  a  small  volume. 

It  would  seem  that,  if  a  nearly  uniform  law  can  be  estab- 
lished  between  the  indications  of  these  two  instruments,  under 
all  conditions  of  temperature,  dryness,  motion  and  other  cod- 
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ons  of  the  air,  certainly  we  can  depend  upon  the  indications 
each  by  itself  at  all  times.  It  is  tne  object  of  this  paper  to 
icate  a  practical  method  of  using  these  instruments,  to  con- 
•ute  toward  the  establishment  of  a  law  controlling  them, 
I  to  show  what  accuracy  may  be  attained  by  either  of  them. 
3  importance  of  a  practical  discussion  of  this  question  will 

readily  recognized.  In  many  instances  weeks  and  even 
tiths  have  been  spent  in  an  endeavor  to  obtain  satisfactory 
iparisons.     A  most  significant  sign  of  the  present  state  of 

problem  is  to  be  found  in  the  fact  that  the  International 
teorological  Committee  which  has  in  charge  the  duty  of  com- 
ing meteorological  tables  have  abandoned  the  project  of  f)re- 
ing  tables  for  the  psychrometer.  When  we  add  to  this  the 
that  large  sums  have  been  expended  in  preparini^  and 
iting  the  existing  tables,  which  are  so  discordant  among 
Tiselves,  the  necessity  of  a  further  investigation  becomes 
y  appr»rent. 

77ie  Co7idensing  Sygrometer, 

>ne  instrument  of  this  class,  that  of  Mr.  Dines,  is  very  sim- 
in  construction  and  not  very  expensive.  In  this,  cold  water 
nelting  ice  is  employed  as  a  cooling  agent,  the  dew  being 
osited  on  a  plate  of  black  glass,  underneath  which  the  cool- 
liqtiid  passes,  the  temperature  bein^  indicated  by  a  ther- 
neter  near  the  plate.  Tliere  are  serious  objections  to  this 
rument  for  accurate  work.  The  presence  of  so  much  water 
;,he  neighborhood  of  the  plate  vitiates  the  result;  with  a 
3erly  arnmyed  Alluard  apparatus,  shortly  to  be  described, 
harmful  eftects  from  an  open  bottle  of  water  on  the  same 
e  may  be  easily  recognized.  Moreover,  this  instrument 
lot  be  used  at  temperatures  of  the  dew  point  below  35°. 
re  is  little  doubt  but  that  a  properly  ventilated  psychro- 
er  will  give  much  more  accurate  results  for  moisture  con- 
8  of  the  air  than  can  be  hoped  for  with  this  instrument 
)ther  instrument  of  this  class  is  the  Alluard  form  of  Reg- 
It's  hygrometer.  In  this  the  usual  cylindrical  silver  cup 
5s  place  to  a  gilded  prismatic  box.  The  usual  tubes,  one 
ning  to  the  bottom  and  the  other  from  the  top,  are  supple- 
ited  by  a  third  running  to  the  top  and  terminating  on  the 
tide  in  a  little  funnel  by  which  the  box  may  be  conveniently 
d  with  the  cooling  fluid.  Of  the  latter,  both  ether  and 
;olene  were  tried  aud  preference  given  to  the.  rhis?olene. 
3  may  be  evaporated  more  readily,  the  residuum  left  after 
Dorating  a  large  quantity  is  by  no  means  as  great  or  as 
nful  in  stopping  farther  evaporation  as  is  the  case  with 
jr ;  finally,  it  has  no  affinity  for  moisture.  This  latter  point 
naportant;  in  one  instance,  an  operator  with  ether  continu- 
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ally  complained  that  his  fluid  congealed  at  low  temperatures;  in 
this  case  it  was  not  the  ether  at  all,  but  the  moisture  taken  op 
by  it,  that  produced  the  effect.  In  using  rhigolene  it  is  only 
necessary  to  empty  the  box  after  evaporating  a  half  pint  or  so; 
no  objectionable  deposit  is  left  in  the  box.  The  thermometer 
is  held  in  position  by  a  cork  at  the  top ;  the  cork  should  be  so 
bored  that  the  thermometer*  may  be  brought  very  near  the 
plate.  This  plate  on  which  the  dew  is  deposited  is  brass,  plated 
with  gold,  and  has  many  advantages  over  the  earlier  cylinder 
of  silver.  Dew  is  much  more  easily  detected,  the  plate  is  easier 
to  clean,  and  fumes  of  the  evaporating  liquid  do  not  affect  the 
appearance  of  dew.  The  writer  found  the  latter  an  important 
matter;  it  was  impossible  to  keep  the  sUver  in  a  satisfactory 
condition  for  a  large  number  of  observations.  To  guard  against 
fumes  from  the  evaporated  liquid,  if  in  a  room,  the  outlet 
pipe  should  be  carried  to  the  outside  air,  and  in  the  open 
air,  the  same  tube  should  be  placed  to  the  leeward  of  the 
instrument.  ^ 

Before  entering  upon  the  use  of  this  instrument  it  is  essential 
to  carefully  investigate  the  errors  which  are  likely  to  occor. 
The  effect  of  accidental  errors  may  be  practically  eliminated  by 
multiplying  the  observations,  but  there  is  a  class  of  constant 
errors  which  cannot  be  thus  treated.  These  may  be  divided 
into  two  classes:  1st,  those  that  may  best  be  investigated  by 
experiments  upon  a  single  instrument;  and  2d,  those  which  can 
be  completely  determined  only  by  the  use  of  two  or  more 
instruments.  Under  the  first  class  the  following  questions  need 
an  answer. 

Question  1.  What  is  the  effect  of  using  different  depths  of 
liquid? 

Answer.  It  is  only  necessary  that  the  instrument  be  com- 
pletely immersed.  Experiments  in  which  the  instrument  was 
first  pushed  to  the  bottom  of  the  box  and  then  pulled  to  the 
top  of  the  liquid  showed  no  appreciable  difference. 

Q.  2.  What  should  be  the  position  of  the  inlet  tube  as  re- 
gards the  thermometer  and  the  plate  when  dew  is  observed? 

A.  The  inlet  tube  should  be  carefully  arranged  at  the  back 
of  the  box,  leaving  as  much  space  as  possible  between  it  and 
the  thermometer. 

Q.  3.  What  should  be  the  position  of  the  thermometer? 

A.  It  should  be  as  near  the  plate  as  possible. 

Q.  4  Does  the  rapidity  of  flow  of  air  into  tlie  liquid  need 
attention  ? 

To  answer  this  question,  which  has  also  been  regarded  as  an 
important  one  by  others,  a  test  tube  was  arranged  witli  two 
thermometers  placed  on  opposite  sides  and  as  far  apart  as  possi- 
ble, the  inlet  tube  being  passed  down  very  near  one  of  these. 
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Dn  evaporating  the  liquid  very  slowly  it  was  seen  that  the 
)ubbles  arose  very  near  the  thermometer  that  was  close  by,  and 
here  was  at  first  a  uniform  indication  by  this  of  '3°  lower  teni- 
)erature  than  by  the  other.  As  the  liquid  lost  its  temperature 
ind  became  much  cooler  than  the  air  it  was  found  necessary  to 
brce  in  the  air  much  more  rapidly  in  order  to  continue  the 
looling  process ;  after  a  time  the  two  thermometers  indicated 
he  same  temperature  and  then  the  one  nearer  the  inlet  tube 
>egan  to  read  higher  than  the  other  and  so  continued  through- 
out the  experiment,  reading  half  a  degree  higher  for  some  time. 
[?he  explanatiort  seems  very  simple;  at  first  the  slowly  flowing 
ir  only  agitated  the  liquid  near  its  thermometer  and  hence  it 
aused  a  lower  reading,  afterward  the  air  relatively  much 
warmer,  flowing  more  rapidly  through  the  liquid  was  not  en- 
irely  cooled  to  its  temperature  and  hence  caused  a  too  high 
"cading  of  the  near  thermometer.  We  may  conclude  then,  that, 
mder  both  slow  and  rapid  air  motion,  the  thermometer  near 
be  plate  will  not  be  afiected  very  diSerently  from  the  plate  itself. 

Under  the  second  division  we  seek  for  answers  to  the  follow- 
ng  questions.  1st.  What  effect  does  the  thickness  and  mate- 
•ial  of  the  plate  have  ?  2d.  Are  there  any  appreciable  difierences 
n  the  hygrometric  properties  of  plates?  3d.  Is  there  any  dif- 
'erence  in  the  ease  of  detection  of  the  deW,  etc.  ?  I  have  not 
bad  access  to  apparatus  by  which  to  settle  these  questions,  but 
ihey  naay  be  partly  answered  by  using  a  single  instrument 
As  quoted  above  from  Mr.  Strachan,  the  thickness  of  the  plate 
ivould  seem  the  most  important  source  of  error.  The  follow- 
ng  partial  answer  to  the  objection  is  given.  It  does  not  seem 
}robable  that  the  iyxside  of  the  plate  would  have  precisely  the 
emperature  of  the  thermometer,  but  theory  would  indicate  that 
here  would  be  a  gradual  diminution  of  temperature  from  the 
outside  of  the  plate  to  a  point  inside  the  liquid,  and  this  would 
>c  greater  the  lower  the  temperature  of  the  air,  as  compared 
rith  that  of  the  dew  point.  For  testing  this  question  we  have 
he  following  methods.  1st.  We  may  compare  results  obtained 
7ith  a  small  difierence  between  the  air  and  the  dew-point,  at 
vhich  time  there  would  be  slight  diminution  of  the  tempera- 
ure  of  the  liquid  below  that  of  the  front  of  the  plate,  with 
esults  obtained  under  just  the  opposite  conditions  and  which 
)ught  to  indicate  the  greater  diminution.  Such  comparison 
bows  an  appreciable  difference,  but  this  is  in  precisely  the 
)pposite  direction  "from  that  indicated  by  theory,  i.  e.,  with  a 
;mall  difference  between  the  dew-point  and  the  air,  the  former 
s  lower,  as  compared  with  the  air,  than  with  a  large  difference. 

2d.  We  may  lower  the  temperature  rapidly  at  one  time  and 
jlowly  at  another;  if  we  have  the  same  result  in  both  cases  we 
;an  assume  that  the  effect  of  the  thickness  of  the  plate  is  inap- 
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preciable.    It  is  easy  to  see  this,  suppose  the  temperatare  of 
the  liquid  be  lowerea  '1°  per  second,  and  there  is  a  large  retard- 
ation in  the  diminution  of  the  outside  temperature,  or,  which  is 
the  same  thing,  the  outside  temperature  is  higher  because  of 
the  air  being  40°  above  the  liquia  ;  in  such  case  the  thermome- 
ter, we  will  say,  will  have  a  temperature  '1°  lower  than  the 
dew-point,  or  in  other  words  it  takes  1  second  for  the  tempera- 
ture of  the  liquid  to  reach  the  outside  of  the  plate.     Now  if  we 
lower  the  temperature  at  the  rate  of   05°  per  second  then  the 
inside  temperature  will  be  -05°  lower  than  the  outside  approx- 
imately.     If  now  we  consider  the  dew-point  constant  during 
the  experiment,  we  shall  have  with  the  rapid  fall  an  indicated 
dew-point  '05°  lower  than  with   the  other.     A   long  series  of 
trials  have  shown  the  diflFerence  in  the  two  methods  inappre- 
ciable.     It  should   be  borne   in   mind  that  whatever  be  the 
amount  of  the  eftect  due  to  the  thickness  of  the  plate,  the  ten- 
dency will  always  be  toward  a  too  low  dew-point.     A  method 
of  testing  this  question  which  would  seem  to  be  free  from  many 
of  the  objections  that  may  be  raised  against  those  already  pro- 
posed is  the  following,  lack  of  time  and  funds  have  prevented 
carrying  out  tlie  f)lan.     We  may  arrange  a  plate  with  two  or 
even,  three  different  thicknesses  of   metal.     Suppose  such  a 
plate  have  thicknesses  for  each  third  of  its  width  of  01",  -02". 
•04"  and  it  be  cooled  down  gradually;  we  would  expect dev 
first  on  the  thinnest  and  last  on  the  thickest,  and  the  difference 
in  temperature  as  the  dew  appeared  on  each  could  be  readily 
noted. 

A  second  source  of  error  may  be  due  to  a  difference  in  the 
hygrometric  properties  of  plates.  ■  It  is  readily  seen  that  if  there 
be  such  a  difi'erence  it  would  be  rather  a  diflEicult  matter  to  set- 
tle which  should  be  taken  as  the  standard,  though  it  would 
seem  that,  so  far  as  this  one  thing  is  considered,  that  plate 
which  gave  the  lowest  dew-point  would  be  the  best.  No  ex- 
periments have  yet  been  made  to  settle  this  point  It  would 
require  observations,  from  two  trained  men,  at  the  same  time. 
It  may  be  said,  however,  that  this  consideration  is  far  out- 
weighed by  others  relating  to  the  cleaning  of  the  plate, 
detection  of  dew,  etc.  It  is  a  very  difficult  matter  to  clean  the 
plate  properly ;  the  best  method  would  seem  to  be  by  using  a 
mixture  of  dilute  ammonia  and  rouge  as  a  wash,  applying  with 
silk,  thoroughly  drying  and  wiping  it  oflf  by  ruobing;  this 
process  gives  a  most  beautiful  surface  for  the  dew.  QuicknesB 
of  detection  of  dew  can  only  be  obtained  by  practice.  So 
fixed  rules  can  be  laid  down  for  arranging  the  light,  the  posi- 
tion of  the  eye,  etc.  It  is  necessary  to  cut  off  all  reflections 
from  light-colored  objects ;  this  may  best  be  done  by  placing  a 
black  cloth  in  front  of  the  apparatus.     A  light  breeze  is  au  ad- 
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1  the  detection  of  dew,-  and  in  still  air  this  should  be 
a  ffin.  If  there  is  a  high  wind  it  will  be  necessary  to 
pparatus  in  a  box,  having  one  of  its  vertical  sides 
this  open  side  should  be  placed  to  the  leeward  so 
•iiid  will  be  cut  oflf  from  the  plate, 
n  good  condition  this  apparatus  works  verv  nicely 
to  follow  fluctuations  in  the  dew-point  very  closely, 
ving  are  taken  from  a  number  of  records  illustrating 
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:1ew-points  were  determined  one  after  the   other  as 

possible,  the  interval  being  not  more  than  15 seconds 
ach  reading.  There  seems  to  be  an  uniform  change 
jadings,  sometimes  the  dew-point  increases  and  then 
^;  as  all  the  conditions  were  constant  during  each  set, 
eem  that  we  have  represented  an  actual  fluctuation  in 
ire  contents  of  the  air. 

)iher  form  of  this  apparatus  is  that  devised  by  Crova, 
tial  characteristic  of  this  is  tlie  deposition  of  dew  on 

of  a  hollow,  horizontal  cylinder,  the  outside  of  which 
n  the  usual  way.  The  dew  is  detected  by  looking 
n  eye -piece  at  one  end  of  the  cylinder,  and  the  ap- 
is  said  to  be  highly    satisfactory.      A   most  serious 

to  this  form  is  the  extreme  difficulty  of  properly 
nd  polishing  the  inside  of  the  cylinder  ;  another  is  the 
ity  of  attaining  very  accurately  the  temperature  of 
e  on  which  the  deposition  takes  place.  Some  remark- 
ts  have  been  obtained  with  this  apparatus  and  have 
islied  in  the  Zoitschrift  fiir  Meteorologie,  1884,  p.  46. 
owing  table  there  are  given  :  Ist,  the  result  out  of  each 
ee  which  showed  the  greatest  difference  between  Reg- 
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naalt  and  Crova;  2d,  the  me^n  of  each  set  of  three,  and  the 
mean  of  all  three  sets.  The  value  of  A,  in  the  psychrometric 
formula  (soon  to  be  described)  x^f-- A(i-t')\h,  has  been  as- 
sumed as  -00080  for  the  observations  with  the  Regnault  appa- 
ratus and  the  corresponding  value  with  the  Crova  instrument 
has  been  computed. 

Comparison  of  RegnduU  and  Crova. 


No.  of 
Obs. 

Dry 
observed 

Wet 
computed 

Dew-point  observed. 
UcKU.               Crova. 

Value  of  A. 
ReKD.                   Crova. 

1 

Vl'b 

58^0 

44"- 1 

46-9 

•00080 

•00067 

I 

67-5 

56-8 

46-9 

49-0 

•00080 

•00067 

1 

"T-O 

65-4 

56-7 

69-2 

•00080 

•00059 

6 

70-7 

56-7 

42-7 

44-2 

•00080 

•00073 

4 

67-0 

57-0 

48-0 

49-2 

•00080 

•00073 

6 

78-2 

65-5 

67-0 

59-1 

•00080 

•00063 

10 

72-7 

60-0 

49-4 

61-2 

•00080 

•00069 

These  results  are  extraordinary,  and  are  probably  due  in  large 
measure  to  an  improper  condition  of  instruments  rather  than  to 
an  actual  difference  in  their  normal  indications.     Certainly  differ- 
ences greater  than  ^5°  F.  ought  not  to  occur  in  a  properly  observed 
Begnault  apparatus,  while  these  comparisons  show  an  extreme    , 
range  in  the  differences  between  the  two  instruments  of  2^*9.    | 
I  have  dwelt  at  length  on  these  results  as  they  show  clearly    i 
some  of  the  diflSculties  lo  be  met  with  in  comparisons  of  this    j 
kind.     I  add  a  remarkable  comment  by  a  prominent  writer,  on    | 
the  original   observations.      "In   the   observations  given  by 
Crova  we  find,  as  was  to  be  expected,  that  Regnault's  apparatas 
gives  dew-points  too  low  by  as  much  as  l°-6  C' 

The  Psychrometer. 

As  is  well  known,  this  consists  of  two  thermometers;  one  of 
them,  the  wet,  hns  a  muslin  over  the  bulb,  which  is  kept  con- 
tinually  moistened  by  a  wick  attached  above  the  bulb  and 
dipping  in  a  cup  of  water,  and  measures  the  temperature  of 
evaporation  ;  the  other  is  dry  and  indicates  the  air  temperature. 
The  amount  of  moisture  makes  but  little  difference ;  Begnaalt 
found  that  if  water  dripped  slowly  from  the  bulb,  he  still 
obtained  accordant  results;  this,  however,  was  in  still  air. 
Since  the  wet  bulb  may  at  times  stand  20°  below  the  dry,  it 
might  be  supposed  that  the  stem  of  the  thermometer  immedi- 
ately above  the  bulb  would  tend  to  raise  the  temperature. 
This  effect  is  very  slight,  amounting  in  the  case  of  a  spherical 
bulb  to  '^6°  when  the  air  is  perfectly  still.  The  muslin  should 
be  very  thin  and  may  be  made  to  fit  a  cylindrical  bulb  very 
tightly,  if  a  piece  the  right  size  is  first  immersed  in  water  and 
then  put  on  the  bulb,  a  string  being  tied  upon  it  just  above 
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and  below  the  bulb.  The  water  used  should  be  rainwater,  if 
possible.  In  the  winter  season,  or  when  the  wet  bulb  tempera- 
ture is  below  freezing,  great  care  must  be  taken  in  coating  the 
bulb  with  a  uniform  layer  of  ice.  To  do  this  properly,  it  is 
necessary,  whenever  it  is  found  that  the  air  temperature  is 
going  below  freezing,  to  take  the  wick  out  of  the  cup  and 
hang  the  free  end  over  the  support  behind ;  it  should  not  be 
taken  off  the  thermometer.  If  this  wick  becomes  stiffened 
with  ice  before  it  has  been  taken  out  of  the  cup  and  cannot  be 
bent,  the  whole,  including  bulb,  cup  and  wick,  must  be  im- 
mersed in  lukewarm  water,  lifted  up  from  beneath,  till  the 
wick  is  sufficiently  pliable  to  permit  properly  adjusting  as 
above.  To  wet  the  bulb,  keep  the  cup  of  water  as  near  32°  as 
possible  and  10  to  25  minutes  before  the  observation,  if  there 
is  no  artificial  ventilation,  lift  the  cup  up  from  beneath  and 
wholly  immerse  the  bulb;  in  withdrawing  the  cup,  wait  a 
moment  after  the  bulb  is  exposed  and  touch  the  drop  that  will 
be  hanging  from  it,  with  the  edge  of  the  cup.  If  there  is  a 
high  wind,  two  or  three  coats  at  once  may  be  needed  to  obtain 
a  good  result  A  mass  of  ice  should  not  be  allowed  to  accum- 
Qlate  on  the  stem  or  about  the  bulb,  but  it  should  be  melted 
off  and  a  uniform  coat  applied.  No  brass  scale  or  protector 
should  ever  be  allowed  within  1*5  inches  of  the  wet  bulb. 
This  scale  has  the  temperature  of  the  air,  and  if  the  muslin  or 
wick  touch  the  scale  its  temperature  will  be  conducted  to  the 
bulb,  thus  giving  too  high  a  reading.  If  the  muslin  becomes 
brown  or  covered  with  dust  it  should  be  replaced  by  clean; 
this  may  need  to  be  done  once  a  month  in  some  places. 
Frequently  the  muslin  will  be  found  rather  firmly  fastened  to 
the  bulb  by  the  formation  of  a  lime-like  substance ;  in  such 
ease,  the  bulb  may  be  cleaned  by  using  a  bath  of  dilute  muri- 
atic acid. 

When  the  temperature  reaches  .about  20°  there  seems  to  be 
a  peculiar  effect  produced  which  causes  the  indicated  tempera- 
ture to  be  too  high  and  which  increases  as  the  temperature 
falls.  This  may  be  due  to  a  contraction  of  the  ice-film  or  coat- 
ing; at  0°  the  effect  amounts  to  nearly  5°,  but  after  that  point 
is  reached  the  ice  seems  to  partly  give  way,  as  the  contraction 
seldom  goes  beyond  5°.  Experiments  have  been  made  by 
immersing  dry  and  ice-covered  bulb  thermometers  in  a  bath 
of  mercury  and  also  in  disulphide  of  carbon  with  identical 
results.  As  long  as  the  temperature  was  lowered  or  remained 
stationary,  even  down  to  —20°,  there  was  still  a  marked  effect 
observed,  but  the  moment  the  temperature  began  rising,  possi- 
bly because  the  ice  expanded  so  much  more  rapidly  than  the 
glass,  the  two  thermometers  began  lo  approach  each  other  and 
quickly  agreed.     The  above  explanation  seems  extraordinary 
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and  it  may  be  necessary  to  seek  another.  It  may  be  that  ai 
low  temperatures  the  ice  refuses  to  conduct  the  very  last  part 
of  the  heat  from  the  bulb  ;  however,  tliis  explanation  does  not 
answer  when  the  temperature  begins  rising,  as  in  that  case  the 
ice-covered  bulb  ougiit  to  again  lag  and  be  slightly  cooler  than 
the  liquid. 

The  writer's  attention  was  first  called  to  this  matter  by  the 
astonishingly  high  relative  humidities  reported  from  the  north- 
western stations,  whenever  a  high-pressure  area  with  very  low 
temperatures  appeared.     At  such  times  the  relative  humidity  is 
almost  invariably  reported  at  100  per  cent,  and  yet  ordinarily 
these  same  high  areas,  with  N.W.  winds,  frequently  reduce  the 
humidit}'  50  and  even   60   per  cent  wlien  they  reach  places 
toward  the  S.E.  where  the  temperature  is  above  20°.     Agaia, 
many  observers  have  reported  the  ice-covered    bulb  reading 
higher  tlian  tlie  dry  on  cold  days,  even  when   they  had  cor- 
rected thermometers  and  very  high  winds:  it  was  thought  that, 
many  times  the  trouble  arose  from  a  lack  of  ventilation  and  an 
improper  coating  of  ice.      Later   experiments,   however,  witka 
perfectly  correct  thermometers,   most  careful   icecoats,  good 
ventilation  and  a  nearly  saturated  air  at  temperatures  down  to 
0°  have  repeatedly  confirmed  these  abnormal  results,  showing 
in  one  instance  tlie  iced   bulb  '5°  higher  than  the  dry.     When 
we  consider  that  at   —20**  a  difference  of  '5°  between  drv  ancj 
wet  amounts  to  30  per  cent  in  the  deduced  relative  humidity, 
the  great  importance  of  a  thorough  investigation  of  this  point 
becomes  very  apparent.     We  must  know  the  amount  of  this 
contraction  with  different  coatings  of  ice  and  at  different  tem- 
peratures; knowing  these   facts,  we  may  apply  a  correction  to 
the  wet  bulb-reading  before  using  it  for  computing  the  moist- 
ure content  of  the  air.     The  best  metliod  of  testing  the  question     I 
would  seem  to  be  by  a  rigid  series  of  comparisons  at  very  low     I 
temperatures  between  the  ioe-covered   bulb  and  a  condensing 
hygrometer. 

in  the  use  of  the  psychrometer  for  making  the  best  observa- 
tions the  most  important  consideration  is  that  of  a  thorough 
ventilation,  and  this  is  especially  to  be  attended  to  if  readings 
are  to  be  made  in  a  room  or  very  still  air.  Out  of  doors,  if 
there  is  a  good  air  circulation  about  the  wet  bulb,  artificial  ven- 
tilation is  not  needed  in  ihe  summer,  but  with  an  ice-covered 
bulb  the  action  is  so  sluggish  that  it  is  very  convenient  to  have 
a  movable  fan  for  increasing  the  air  circulation  and  expediting 
the  observation.  Tlie  most  convenient  method  of  ventilating 
the  wet  bulb  is  by  swinging  in  a  circle  of  some  two  feet  radius. 
This  method  seems  to  have  been  first  adopted  by  Saussureat 
the  end  of  the  last  century  ;  he  employed  a  swung  wet  bulb  for 
obtaining  the  temperature  of  evaporation  but  did  not  join  with 


and  the' Psychrometer.  445 

a  thermometer  for  obtaining  the  air  temperature  at  the  same 
me,  the  latter  being  an  important  consideration.  Most  careful 
speriments  have  been  made  looking  to  the  determination  of 
11  the  errors  to  which  this  sling  psychrometer  may  be  supposed 
D  be  subject.  At  the  greatest  velocities  attainable  by  hand, 
0  harmful  eflTects  have  ever  been  noted  from  friction  with  the 
iror  from  expansion  of  the  bulb  through  the  centrifugal  action 
f  the  mercury  column.  Any  convenient  velocity  may  be 
sed;  about  four  meters  per  second,  ten  miles  per  hour,  was 
and  satisfactory.  The  results  were  precisely  similar  at  all 
jlociiies  from  two  to  ten  meters  per  second,  great  care  being 
ken  in  wetting  the  bulb  uniformly  during  the  entire  time  of 
^iuging,  and  also  continually  changing  the  plane  in  which  the 
lib  was  swung.  Repeated  trials  in  a  room  have  shown  that 
accuracy  of  a  tenth  of  a  degree  may  readily  be  j^ttained  with 
is  device  in  one  minute.  In  the  open  air  it  is  necessary  to 
ring  out  of  sunshine  and  in  a  moderate  shade  only,  if  the  air 
mperature  is  desired.  It  has  been  thought  by  some  that  at 
ght  with  a  clear  sky,  radiation  from  the  bulbs  into  space  is 
irmful,  but  experiment  shows  that  the  amount  of  this  radia- 
on  from  bulbs  suspended  in  a  still  air  is  very  slight,  and  the 
ipid  motion  entirely  annuls  any  evil  effect.  For  the  best  re- 
nts it  is  essential  that  the  sling  wet  bulb  should  be  continu- 
usly  moistened.  To  do  this  properly  requires  some  skill  and 
instant  watchfulness.  The  muslin  should  be  carried  up  the 
jermometer  stem  about  an  inch,  and  to  the  latter  there  should 
e  fastened  a  tube  of  glass  drawn  out  to  a  point.  The  point 
lould  be  placed  just  at  the  top  of  the  muslin,  or  at  least  one 
ich  from  the  bulb,  otherwise  its  heat  imparted  to  the  water 
'ill  tend  to  raise  the  temperature.  A  string  inserted  in  this 
ibe  may  be  pressed  down  or  pulled  out  according  as  the  air  is 
loist  or  dry,  the  intention  being  to  keep  the  muslin  constantly 
ad  uniformly  moistened. 

Comparisons, 

The  investigations  of  others  have  established  a  formula  for 
Dmparing  these  instruments,  which  may  be  taken  as  a  work- 
ig  hypothesis,  as  follows,  for  temperatures  above  freezing: 

c=/—  I  {t—t')  AA,  in  which 

5=  the  tension  of  vapor  of  saturated  air  at  the  dew-point  temp. 

^=  the  tension  of  vapor  of  saturated  air  at  the  wet-bulb  temp. 

'=  air  temperature. 

=  air  pressure  in  inches  of  mercury. 

=  a  constant  to  be  determined. 

For  temperatures  below  32**,  it  has  been  thought  by  some 
en  to  the  present  time,  from  theoretical  considerations,  that 
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the  evaporation  from  ice  is  different  from  that  from  water,  and 
hence  the  value  of  A  must  change  suddenly  at  32**.     If  there 
be  such  a  change  allowed  for,  the  distinction  should  be  between 
water  and  ice  and  not  above  or  below  32**,  for  frequently  the 
wet  bulb  may  be  lowered  to  below  26**  without  the  formation 
of  ice.     This  is  an  important  problem,  and  has  been  practicallj 
solved  in  various  ways.     In  March,  1884,  the  writer,  with  the 
assistance  of  Mr.  Fassig,  performed  some  experiments  in  a  room 
with  the  temperature  just  below  freezing.     It  was  found  possi- 
ble to  have  two  wet  bulbs  in  operation  at  the  same  time  as 
sling  thermometers,  the  one  being  covered  with  water  and  the 
other  with  ice.     The  difference  between  the  two  was  practicallj 
inappreciable     The  results  in  detail  may  be  found  in  the  Amer- 
ican Meteorological  Journal  for  June,  1884.    Later  comparisons 
between   a   condensing    hygrometer,    water-    and    ice-covered 
bulbs  confirmed  the  above  conclusion.     The  results  of  these 
may  be  found  in  the  journal  just  quoted,  for  February,  1885. 
Even  before  that  time  somewhat  the  same  coiKilusion  had  been 
arrived  at  in  Europe,  though  the  experiments  here  were  entirely 
independent  of  those. 

Value  of  A, 

Having  given  the  dew-point,  ^,  C  and  //,  we  can  obtain  the 
constant  of  the  formula.  As  i'  enters  the  formula  twice,  it  has 
by  far  the  greatest  influence  and  it  is  partly  because  it  has 
been  found  impossible  to  obtain  an  invariable  reading  of  t'  that 
so  many  differing  values  of  A,  have  been  obtained;  a  few 
examples  will  suffice. 

In  still  air  Regnault  found  A—  '00128;  in  the  open  air 
•00074:  Doyere  with  the  sling  psychrometer  in  1855  from  a 
verv  few  observations  in  hot  weather  found  '000687 ;  Sworv- 
kin^  with  fair  ventilation  -000725;  Blanford  -000827;  Anc^ot 
from  over  8,000  observations  '000851 ;  Chistoni  -000851.  The 
latter  three  results  are  probably  without  any  uniform  ventilation. 
The  first  comparisons  by  the  writer  were  made  in  Feb.  1883, 
with  a  bellows  for  a  ventilator  of  the  dry  and  wet  bulbs;  these 
results  were  published  in  Science,  June  8, 1883.  A  longer  series 
of  experiments  were  instituted  in  October,  1884.  From  700 
sets  of  observations,  both  indoors  and  out,  with  high  and  low 
temperatures,  and  with  large  and  small  differences  between  i 
and  i\  a  value  of  A  was  obtained  at  '00068  and  upon  this  value 
was  computed  the  table  for  relative  humiditv  to  be  found  at 
the  end  of  this  paper.  The  value  of  A  that  has  been  adopted 
may  seem  rather  small,  nevertheless,  it  agrees  exactly  with  that 
adopted  by  Regnault  for  temperatures  below  freezing,  so  that 
no  change  is  made  in  the  table  below  that  point  This  value 
depends  upon  the  separate  determination  of  three  quantities, 
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acb  of  which  has  usually  had  great  uncertainties  entering  into 
L.  It  is  believed  that  the  errors  entering  into  t  and  t  have 
yeen  reduced  for  each  individual  observation  to  less  than  '1°.  It 
s  surprising  to  see  how  swing  after  swing  may  be  made  with 
;he  sling  psychrometer  resulting  in  absolutely  no  change  in  the 
•codings.  The  same  cannot  be  said,  however,  regarding  the 
ietermi nation  of  the  dew-point*  in  this  errors  will  creep  in  on 
lifferent  days  of  '3**,  and  in  consequence  the  value  of  A  may  be 
banged  slightly.  When  there  is  a  small  difference  between  t  and 
there  is  great  diflSculty  in  getting  uniform  results,  but  when 
—  ^  is  small  a  larger  difference  from  the  mean  in  A  produces 
much  smaller  effect  upon  the  deduced  moisture  content  than 
len  (i—V)  is  large.  With  {t—i^)  equal  to  or  greater  than  15° 
ere  is  no  difficult}'  in  getting  A  within  two  of  the  fifth  place 
ain  and  again  and  on  different  days.  The  vapor  tensions 
iployed  in  computing  the  table  have  been  taken  as  recently 
rriputed  by  Broche  from  Regnault's  observations. 
One  of  the  more  interesting  questions  which  arises  in  connec- 
^n  with  the  formula  is  the  efiect  of  hiorht  above  sea  upon  the 
Nation  between  the  dp:t^  and  t'.  Glaisher,  after  bringing 
>gether  many  thousands  of  comparisons  between  a  Daniel's 
ygrometer  and  the  psychrometer,  at  various  hights  in  India  and 
Isewliere,  decided  that  hight  had  no  appreciable  effect  upon 
he  deductions  to  be  made  with  the  psychrometer.  Although 
hese  observations  were  made  without  any  uniform  ventilation 
5r  the  psychrometer  and  cannot  be  regarded  as  giving  absolute 
Jsults  at  either  sea  level  or  on  mountain  tops,  yet  it  would 
em  as  though  they  were  of  sufficient  accuracy  to  enable  rela- 
'e  comparisons  so  far  as  the  question  of  hight  comes  in,  i.  e., 
the  same  instruments  observed  in  precisely  the  same  way  at 

>  hights  give  the  same  results,  we  may  infer  that  there  is  no 
OTence  in  the  relations  of  the  quantities  measured,  although 
5«  errors  may  occur  at  both  hights.  The  question  of  a  pos- 
'3"  better  ventilation  at  the  higher  station  need  not  be  con- 
^Ted,  as  this  would  have  tended  to  lower  the  wet-bulb  read- 

and  would  have  been  in  exactly  the  direction  of  theory  at 
Vi  stations.      The  exposures  and  amount  of  moisture  at  the 

>  hights  would  have  a  slight  influence,  but  in  a  long  series 
observations  there  would  be  an  elimination  of  these  effects. 

.  Pernter  has  published  a  series  of  observations  with  a  ven- 
^ted  psychrometer,*  and  Regnault's  condensing  hygrometer 
a  barometric  pressure  of  about  600™™.  These  observations 
.Ve  a  mean  value  of  A  as  -001042  ;  while  the  value  of  A  at 
»a  level  adopted  by  Dr.  Pernter  is  -00084:3.      If  we  multiply 

*  This  psychrometer  was  in  a  ventilated  screen  of  Prof.  Wild's  form,  but 
rof.  Wild  thinks  that  the  screen  used  was  his  earlier  form  with  a  clock-work 
mtilator,  which  did  not  give  a  very  perfect  ventilation. 
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the  first  of  these  by  600  and  the  second  by  750,  the  ap- 
proximate air  pressure  at  the  two  hights,  we  obtain  '625  and 
•632  respectively,  showing  that  Ah  was  nearly  constant  and 
that  the  relations  to  each  other  of  the  other  three  quantities  are 
practically  the  same  at  all  altitudes.  These  observations,  how- 
ever, were  not  sufficiently  numerous  and  were  not  made  with 
a  psychrometer  well  enough  ventilated  to  give  satisfactory 
results. 

In  order  to  test  the  question  a  week  was  spent,  in  March, 
1885,  at  Oakland,  Md.,  at  a  hight  of  2,800  feet  above  sea  level 
and  where  the  pressure  was  about  27".  A  series  of  compari- 
sons at  this  point  made  with  the  identical  instruments  and  under 
:)recisely  the  same  conditions  as  those  previously  made  at  sea 
evel  gave  a  value  for  Ah  of  '0197,  while  the  sea  level  value  was 
•0204.  If  we  assume  h  as  30"  in  both  these  cases,  we  shall  have 
A  -000657  and  -000680.  The  temperatures  employed  at  Oakland 
ranged  from  102**  to  14°,  and  with  the  former  the  dewpoint  was 
48°  lower  than  the  air.  Tlicse  observations  were  not  sufficiently 
extended  to  give  an  absolute  value  for  A/<,  but  the  relative 
comparisons  may  be  regarded  as  approximately  accurate.  Any 
one  acquainted  with  the  use  of  these  instruments  will  recognize 
the  very  small  margin  there  is  in  the  two  values  above.  The 
difference  in  the  computed  humidity  from  either  of  the  values 
will  be  nearly  inappreciable.  Moreover,  whatever  may  be  the 
absolute  relation  between  the  dp  :  t  and  t'  under  different  pres- 
sures, none  but  the  most  refined  observations  can  by  any  possi- 
bility detect  it,  and  so  far  as  ordinary  observations  are  con- 
cerned no  account  need  be  taken  of  this  difference  up  to  3,000 
feet.  This  is  especially  apparent  when  we  consider  the  extreme 
difficulty  under  the  most  satisfactory  conditions  of  obtaining 
even  an  approximate  value  of  the  wet  and  dry  temperatures, 
and  it  should  be  borne  in  mind  that  these  difficulties  are  not 
due,  for  the  most  part,  to  accidental  errors  which  may  be  aver- 
aged out  by  multiplying  the  observations,  but  are  caused  by 
constant  errors,  such  as  imperfect  ventilation,  too  high  temper- 
ature through  the  day,  and  too  low  just  after  sunrise  for  an  hour 
or  two,  etc.  The  question  of  applying  a  correction  for  eleva- 
tion to  the  indications  of  a  psychrometer  depends  largely  upon 
the  practical  benefit  to  be  derived.  No  such  correction  is 
needed  in  order  to  make  intercomparisons  at  high  stations,  but  it 
may  be  argued  that  it  is  needed  in  order  to  obtain,  first,  a  com- 
parison between  a  high  station  and  a  neighboring  lower  one, 
and  second,  to  obtain  the  diminution  in  moisture  contents  at  any 
time  or  during  any  season  between  sea  level  and  the  upper 
atmosphere  that  is  passing  -i  high  station.  To  these  arguments 
it  may  be  answered,  first,  we  do  not  know  the  variations  of 
humidity  in  different  strata  so  as  to  obtain  a  law  of  reduction 
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to  sea  level  and  make  a  comparison  at  all  possible,  and  second, 
the  conditions  of  moisture  are  so  variable  on  mountain  tops, 
so  influenced  by  local  surroundings  and  by  currents  of  air  laden 
with  moisture  condensed  by  the  mountain  side,  so  utterly  dif- 
ferent from  the  conditions  in  the  free  air  strata  at  the  same 
bight,  that  no  comparisons  of  any  practical  value  can  be  made. 
These  considerations  tend  to  show  that  the  use  of  a  special 
table  for  stations  up  to  8,000  feet  altitude  is  very  questionable, 
and  in  the  present  stage  of  meteorology  a  refinement  entirely  un- 
necessary, especially  for  individual  observations.  The  addi- 
tional labor  and  watchfulness  needed  in  examining  all  records  to 
see  whether  the  table  has  been  properly  applied,  and  above  all, 
the  extreme  annoyance  resulting  from  an  attempt  at  interpolat- 
ing for  hight  in  a  table,  and  the  great  danger  of  making  errors 
in  such  interpolation,  far  outweighs  any  theoretical  advantage 
to  be  gained,  which,  as  tas  already  been  shown,  is  in  itself  very 
questionable.  While  the  table  accompanying  this  paper  is 
applicable  to  the  sling  psychrometer,  yet  most  careful  compari- 
sons between  the  sling  and  a  psychrometer  in  a  fairly  open 
shelter  having  a  good  exposure,  have  shown  little  or  no  differ- 
ence ;  this  may  easily  be  understood,  since  velocities  of  wind  as 
low  as  two  meters  per  second  have  given  as  good  results  as 
those  five  times  as  great.  The  table  is  applicable  to  all  open 
shelters  except  those  from  windows  and  on  walls ;  in  such  cases 
there  should  be  used,  if  possible,  some  means  for  artificial 
ventilation.  For  all  traveling  parties  and  at  all  stations 
where  the  temperature  is  often  below  freezing,  the  sling 
psychrometer  is  on  all  accounts  the  best  instrument  for 
obtaining  air  humidity. 

The  experiments  for  this  paper  were  completed  last  spring, 
but  it  has  been  found  impossible  to  study  the  great  mass  of 
iata  and  properly  prepare  it  for  publication  before  this  time. 

October  12,  1885. 
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X  :=  vapor  tensioD  at  dew-point  temperature. 
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Art.   LV. — A   new  form   of  Absorption    Cell;    by    Arthitr 

E.  BOSTWICK. 

The  writer  has  devised  and  used  the  cell  described  below  for 
the  purpose  of  obtaining  the  absorpticwi  spectra  of  liquids  which 
have  but  little  selective  absorption,  and  which  would  there-    | 
fore  have  to  be  used  ordinarily  in  large  quantities.  ■ 

The  cell  is  a  rectangular  box  about  six  inches  long  by  three  ■ 
broad  and  three  in  height  The  bottom  and  the  two  ends  are  • 
of  pine  wood,  covered  with  shellac,  and  the  two  sides  are  of  ' 
ordinary  looking-glass,  cemented  to  the  wood,  so  that  the  box 
is  water-tight.  The  reflecting  surface  of  the  looking-glass  is 
turned  inward  and  at  each  of  two  diagonally  opposite  corners 
the  amalgam  is  scraped  away  so  as  to  make  a  vertical  slit  about 
two  millimeters  in  width.  One  of  these  is  placed  close  to  the 
spectroscope  slit,  and  througii  the  other  a  parallel  beam  of  light 
is  admitted.  It  is  evident  that  the  box  may  be  so  placed  that 
the  beam  will  be  internally  reflected  in  it  a  number  of  times, 
depending  upon  the  angle  between  the  two,  and  will  finally 
pass  through  the  second  slit  into  the  spectroscope.  The  length 
of  its  path  through  the  cell  may  therefore  be  varied  indefinitely 
by  turning  the  latter,  and  is  limited  only  by  the  decrease  in 
intensity  caused  by  general  absorption — not  only  in  the  liquid, 
but  al.«o  at  each  reflection. 

A  solution  of  bichromate  of  potash,  so  weak  that  a  test-tube 
full  of  it  was  of  a  barely  perceptible  yellow  color  and  showed 
no  absorption  at  all  when  held  before  the  spectroscope  slit, 
when  placed  in  this  cell,  absorbed  the  whole  upper  end  of  the 
spectrum,  the  F  line  being  scarcely  visible.  In  this  case  sun- 
light was  used,  the  beam  being  reflected  six  times,  and  having 
a  path  whose  length  inside  the  cell  was  about  two  feet.  With 
mirrors  of  polished  metal  the  result  might  be  even  better,  sinoe 
the  absorption  in  the  glass  would  be  eliminated.  In  this  case 
however  the  number  of  liquids  which  could  be  used  in  the  cell 
would  be  somewhat  limited. 


Art.  LVI. — Preliminary  notice  of  Fossils  in  tlie  Hudson  Rim 
Abates  of  the  ^outJiern  part  of  Orange  Co,,  N.  Y.,  and  elsewhere ; 
by  IXelson  H.  Darton. 

In  a  very  detailed  study,  now  nearly  completed,  of  the  for- 
mations other  than  Archa}an  in  central  and  eastern  Orange 
Co.,  X.  Y.,  fossils  have  been  discovered  in  many  new  localities 

♦This  Journal.  SopL,  1880.  pp.  197,  198. 
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several  formations  which  have  thrown  much  light  apon  the 

nplicated  strntigrapbical  structure   of  the  district.     An  ac- 

mt  of  the  results  of  the  investigation  will  soon  be  ready  for 

blicaiion. 

The  jirincipal  pnl  eon  to  logical  discoveries  are  in  continuation 

those  of  Professor  Dwight  anil   Mr.  Dale  nearer  Newburg, 

1  the  one  to  which  attention  is  now  called  is  the  finding  of 

jnton  and   Hudson  River  fossils  in   the  Hudson  River  (?) 

tes  at  several  widely  distant  points. 

The  first  and   most  important  is  near  Sugar  Loaf  village, 

jnty-one   miies  S.W.  of  Newburg,  also  at  Walden  on   the 

iks  of  the  WaJIkill,  eleven  miles  N.W.  of  Newburg,  and  at 

intermediate  point.  Rock  Tavern,  ten  miles  west  of  Newburg. 

JO  other  probable  localities  are  known,  but  have  not  as  yet 

?n  sufficiently  explored  for  description. 

Mather,  in  his  final  Report  on  the  First  District,   1843,  p. 

D,  states,  in  relerring  to  tlic  Testacea  of  the  Hudson  River 

oup,    "a   few    were   observed near   the  villages  of 

alden  and  Sugar  Loaf,"  but  so  far  as  I  can   determine  this 
temeni  stands  alone  until   now,   when  I  can   confirm  and 
rment  it. 
^ear  Sugar  Loaf  village  most  of  the  fossiliferoua  beds  lie  to 

west  of  the  station,  and  at  Bulmer's  Quarry  a  bed  was 
covered  that  yielded  all  the  species  found.  Its  thickness 
i  about  40  mm.;  it  was  composed  almost  entirely  of  fossils 
I  fragments  mixed  with  a  soft  red  earthy  matter  and  not 
3Bed  by  the  very  prominent  cleavage  planes  of  the  enclosing 
es;  other  thinner  beds  of  thiii  material  were  found  and  a  few 
eterminable  Crinoidal  stems  were  observed  in  the  rock  on 

more  or  less  obscure  bedding  planes;  no  fucoid  remains 
■e  recognized.  The  fossils  were  more  or  less  decomposed 
1  often  contorted,  but  many  specimens  were  beautifully  dis- 
;L     The  following  remains  were  identified  and  are  given  in 

order  of  their  abundance. 
Drthis  pictinella  H. ;  0.  iestudinaria  ;  0.  pticaCella  H.;  Leplcena 
'cea  Sow. ;  Gimerella  fiemiplicata  fl. ;  Strophomena  alternata 
.;  Streplorhynchus  plnnimbona  or  S.  Jelifexta?  H.;  and  a  2ri- 
•lens  concentrica  Eaton,  was  recognized  by  a  portion  of  the 
der  of  a  cephalic  shield.  Several  fragments  were  found  which 
jwed  no  specific  character,  especially  a  Chmletes^  a.' FavosiU, 
1  crinoidal  columns. 

)ccasionat  beds  bearing  more  or  less  distinct  fossils  were 
2ed  eastward  from  ihe  above  locality  for  several  thousand 
t,  nearly  to  the  Archsean  rocks  of  Sugar  Loaf  hill  and  dipping 
ler  them  with  a  ateep  S.E.  dip. 

it  Rock  Tavern,  fossils  were  discovered  in  the  shales  ex- 
ed  in  the  new  railroad  cut  at  points  where  alteration   was 
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less,  and  the  bedding  planes  more  distinct.  The  remains  found 
were  of  Lepkena  sericea  and  Orlhis  iestudinaria  in  about  equal 
proportions,  generally  greatly  contorted  and  in  various  stages  of 
distinctness.  The  slates  djpN.  80°  W.>4:0°,  and  grade  insensi* 
bly  above  and  below  into  highly  altered  strata  contorted  and 
seamed  in  every  direction,  especially  the  underlying  beda  This 
disturbed  area  is  a  local  one,  however,  and  much  progress  has 
been  made  in  this  district  in  tracing  out  the  foldings  of  the 
slates.  This  fossiliferous  bed  is  not  far  from  the  base  of  the 
formation,  and  is  not  intercalated  in  the  other  members  by  fold- 
ing in  an  overturned  synclinal. 

The  fossils  found  near  Walden  were  at  the  junction  of  beds 
of  grauwacke  and  thin  layers  of  fossil  slates,  exposed  in  the 
quarries  below  the  bridge  and  elsewhere.  Lepicena  sericea  was 
quite  abundant  at  one  point,  and  Orthis  (esludinaria  was  asso- 
ciated but  in  less  numbers,  also  0.  pectinella  and  a  fragment  of 
Conularia  probably  Trenlonensis.  The  fossils  were  finely  pre- 
served and  the  subjacent  rock  contained  numerous  small  nodules 
of  soft,  bituminous  matter  as  noted  by  Horton  in  his  Beport  to 
Professor  Mather  in  1839.*  They  are  often  10  mm.  in  diameter. 
Several  indistinct  fucoid  impressions  appear  on  some  of  the 
layers  but  none  were  recognizable. 

The  rocks  dip  soutbwestward  at  a  moderate  angle,  and  strati* 
graphic  studies  in  this  district  make  it  appear  probable  that 
the  fossiliferous  beds  are  at  a  low  horizon  in  tne  formatiou. 
Further  details  of  the  stratigrfphio  structure  will  be  given  in 
the  paper  before  noted. 

In  conclusion,  I  wish  to  acknowledge  my  indebtedness  to 
Professor  R.  P.  Whitfield  for  his  kindness  in  determining  the 
greater  number  of  the  species  for  me,  and  for  bis  aid  and  advice 
at  many  times  in  the  investigation. 


Art.  LVII. — Report  of  the  American  Committee-delegates  to  tfie 
Berlin  Jnternational  Oeological  Congress^  held  Sept,  28(A  to  Oct 
3rf,  1885 ;  by  Persifor  Frazer,  D.Sa,  Secretary. 

The  following  report  of  the  third  session  of  the  International 
Geological  Congress  in  Berlin,  was  made  from  notes  taken  by  the 
Secretary  of  the  American  committee  for  this  session.  These 
notes  were  afterward.**  written  out  in  full,  with  the  kind  assistance 
of  Professor  Williams  to  whom  the  writer  hereby  expresses  his 
sincere  obligations.  It  will  be  remembered  that  the  inception 
of   this  most  important  gathering  was  the  action  of   a  com- 

*3d  Annual  Report  of  Natural  History  Survej,  p.  144. 
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mittee  at  the  Buffalo  meeting  of  the  American  Association  for 
the  Advancement  of  Science,  in  1876,  the  year  of  the  Centen- 
nial Exposition.  This  committee  left  the  work  of  organizing 
Jhe  first  Congress  in  the  hands  of  a  committee  of  geologists, 
who  thereupon  selected  Jis  the  date  of  the  first  Congress  the 
year  1878,  or  that  of  the  French  "Exposition  Universelle.'' 
The  first.  Congress  was  duly  held,  and  was  remarkable  for 
nothing  so  much  as  the  absence  of  any  representatives  of 
Germany.  After  settling  some  preliminary  matters  it  was 
decided  that  the  next  sitting  of  the  Congress  should  be  held  at 
Bologna,  in  1881. 

This  second  session  of  the  Congress  was  also  held  ;  and  by  this 
time,  the  methods  of  accomplishing  the  ends  of  unification  in 
nomenclature  and  coloring  having  become  better  understood,  it 
was  determined  to  undertake  to  make  a  map  of  Europe  on  a 
scale  of  T,TTrl",Tnnr'  -^  committee  was  appointed  to  take  this 
in  hand,  and  another  to  devise  ways  and  means  of  making  a 
consistent  nomenclature  for  the  science. 

The  two  committees  met  at  Foix  and  Zurich  during  the  four 
years  that  intervened  between  the  Congress  of  Bologna  and 
that  of  Berlin,  and  the  work  of  the  present  Congress  has  been 
mainly  the  adoption  of  the  propositions  made  at  these  meet- 
ings.    At  the  meeting  of  the  American   Association   for  the 
Advancement  of  Science  at  Ann  Arbor  last  summer,  Professor 
H.  S.  Williams  and  Professor  Persifor  Frazer  were  added  to 
the  original  committee,  constituting  the  American  delegation 
and  actually  represented  at  Berlin  by  Professors  James  Hall 
and  J.  S.  Newberry.     Professor  Brush,  who  was  in  Berlin  at 
the  time,  was  elected  by  the  committee  one  of  the  members. 
The  members  of  the  American  committee  present  at  the  time 
of  the  opening  session  of  the  Berlin  Congress  were.  Prof.  James 
Hall  (President),  Prof.  J.  S.  Newberry,  Prof.  Brush,  Prof.  H. 
S.  Williams  and  Prof.  Persifor  Frazer  (Secretary). 


The  International  Geological  Congress  met  at  its  third  ses- 
sion in  Berlin,  Monday,  September  28.  The  members  and  dele- 
gates arriving  before  this  date  registered  at  the  office  of  the 
Bureau  in  the  Bergakademie.  The  council  met  at  11  o'clock 
Monday  morning  to  determine  upon  the  programme  of  the  first 
session  and  nominate  officersof  the  present  meeting,  and  at  5 
o'clock  the  members  of  the  Congress  assembled  at  the  house  of 
the  Keichstag  for  mutual  greetings.  Only  members  of  the  con- 
gress were  admitted,  and  those  having  registered  and  received 
the  card  of  membership  were  presented  with  the  badge  of  the 
Congress,  which  was  in  the  form  of  a  medal,  with  the  well- 
known  geological  and  mining  symbol  of  crossed  hammers  in 
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the  center  under  which  are  the  words  "  Geologorum  conventQg 
— mente  et  malleo;"  and  on  the  reverse — "Berlin,  1885." 

The  formal  opening  of  the  Congress  took  place  Tuesday  morn* 
rng,  September  20th,  at  11  o'clock,  at  the  House  of  Deputies. 

At  this  meeting,  Professor  Capellini,  of  Italy,  occupied  the 
chair  as  President  of  the  Congress  at  Bologna. 

Or)  his  right  was  Dr.  von  Dechen  and  M.  Hauchecoroe,  on 
the  left  Professor  Beyrich  and  Professor  Hall. 

On  the  ministerial  benches  on  the  right  were  the  diplomatic 
and  government  officers,  and  on  the  left  the  vice-presidents, 
representing  various  countries. 

Professor  Capellini  introduced  the  "Cultus-Minister,'' flerr 
von  Gossler,  who  welcomed  the  Congress  in  German.* 

Herr  von  Gossler  dwelt  upon  the  fact  that  no  science  could 
proceed  in  any  direction  without  calling  to  its  aid  the  assistance 
of  the  other  sciences.  He  noted  the  advantage  which  had 
accrued  to  astromomy  by  this  course.  He  reminded  his  hea^ 
era  that  Prussia  had  been  the  home  of  von  Buch  and  von 
Humboldt,  and  in  the  name  of  the  Prussian  government  he 
warmly  appreciated  the  honor  conferred  upon  Berlin  by  its 
choice  as  their  place  of  meeting,  and  bade  them  welcome  with 
the  miner's  greeting  "  Gliick  auf."  He  added  humorously,  that 
as  the  facts  of  geology  rest  upon  the  results  of  the  action  of 
water,  he  knew  the  present  weather  would  not  deter  ihe  true 
geologist  from  his  work. 

Dr.  von  Dechen  then  read  hie  address  in  French,  beginning 
with  thanks  to  the  members  for  having  elected  him  honorary 
President  He  called  to  mind  the  names  of  many  men  of  Euro- 
pean science  of  a  past  generation,  specifying  among  them  some 
of  the  greatest  with  whom  he  had  been  intimate  in  Paris,  in 
London  and  in  Germany.  He  stated  that  much  had  been  done 
in  Geology  since  the  last  Congress  at  Bologna,  and  much  still 
remained  to  be  done.  After  thanking  the  government  for  its 
kind  reception  of  the  guests,  he  concluded  by  expressing  the 
high  appreciation  of  the  people  of  Berlin  of  the  honor  done 
them  by  the  Congress  in  meeting  in  thei?  midst. 

Professor  Capellini  then  addressed  the  Congress.  His  first 
words  were  that  he  owed  the  honor  of  occup3^ing  the  chair  to  the 
fact  of  his  having  been  chosen  to  preside  over  the  Congress  at 
Bologna.  He  sketched  the  origin  and  history  of  the  Congress 
from  the  time  of  its  inception  by* the  committee  of  the  Ameri- 
can Association  for  the  Advancement  of  Science  in  1876, 
through  the  Paris  sessions  in  1S78  and  the  Bologna  Congress  of 
1881,  and  mentioned  particularly  the  very  friendly  attitude 
which  his  Majesty,  the  king  of  Italy,  had  assumed  toward  its 

*  By  the  action  of  the  (Congress  at  Bologna  Uie  language  of  its  debates  is 
Frencli. 


International  Oeological  Congress.  457 

• 

ork  and  deliberationa  He  continued:  "I  had  the  honor  in 
le  month  of  August  last,  to  communicate  to  his  Majesty,  King 
iumbert,  the  project  of  holding  the  third  session  of  the  Con- 
^ss  in  Berlin,  and  his  Majesty  specially  charged  me  to  convey 
»  the  officers  and  members  his  kindliest  greeting,  and  the 
issurance  of  his  sincere  interest  in  the  result  of  itS  delibera- 
iions,  and  desired  me  to  be  the  interpreter  of  his  wishes  for  its 
jomplete  success.  (Hearty  applause.)  In  conclusion  I  have* 
he  honor  to  announce,  that  Dr.  Beyrich  has  the  floor."  Here- 
ipon  Dr.  Beyrich  read  from  manuscript  his  address  in  French, 
t  was  an  exhaustive  history  of  the  development  and  proceed* 
igs  of  the  Congress  up  to  the  Bologna  session,  and  also  of  the 
accessive  meetings  of  the  committees  on  the  chart  of  Europe 
t  Foix  and  at  Zurich.  He  also  gave  an  account  of  the  meet- 
ig  of  the  German  committee  at  Stuttgart  in  1883.  The  meet- 
ig  of  the  Congress  at  Berlin  was  determined  upon  for  1884, 
ut  was  postponed  on  account  of  the  cholera.  The  objects  of 
le  Congress — the  discussion  and  determination  of  questions  of 
eological  classification,  nomenclature  and  cartography  were 
xplained,  and  a  general  account  of  the  results  already  attained 
^as  given.  He  closed  by  calling  attention  to  the  charts  and 
ollections  in  the  Bergakademie  which  .illustrated  these  results. 
Ai  the  conclusion  of  the  address  of  Dr.  Beyrich,  the  following 
St  of  nominations  for  officers  of  the  council  for  the  Berlin 
?ssion  was  read  by  Professor  Capellini,  and  the  nominations 
lere  made  were  elected  by  unanimous  vote  of  the  Congress, 

hereupon  M.  Capellini  yielded  the  chair  to  Dr.  Beyrich. 

• 

Members  of  the  Bubeau* 

Monorary  President:  Dr.  von  Dechen. 

Pi-esident:  Prof.  Beyrich. 

Vice-Presidents :  Messrs.  Credner,  Fraas  and  von  GUmbel,  of 

emiany ;  Stnr,  of  Austria;  Dewalque,  of  Belgium;  Johnstrup, 

Denmark ;  Vilanova,  of  Spain ;  James  Hall,  of  the  ^United 
ates ;  Jacquot,  of  France;  Hughes,  of  Great  Britain  ;jSzab6, 
'  Hungary;  Blanford,  of  India;  de  Zigno,  of  Italy;  Kjerulf,  of 
orway ;  van  Calker,  of  Holland  ;  Choffat,  of  Portugal;  Stefa- 
?8cn,  of  Rouraania;  Inostranzeff,  of  Russia;  Torell,  of  Sweden; 
enevier,  of  Switzerland. 

General  Secretary  :  M.  Hauchecorne. 

Secretaries :  Messieurs  Fontannes,  Bornemann  p5re,  Fornasini. 
^ahnschaffe. 

Treasurer:  M.  Berendt. 

Members  of  the  Council:  Messrs.  Benecke,  Dupont,  Bdckli, 
waKl,  Frazer,  Gaudry,  Geikie,  Giordano,  von  Hantken,  de  Lap- 
irent,  Lepsius,  Mayer- Ey mar,  von  Mojsisovics,  Newberry,  Pilar, 
latz,  Strtiver,  Topley,  Williams,  Zittel. 
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At  the  opening  of  the  evening  session,  at  6  o'clock,  M. 
Hauchecorne,  the  secretary,  requested  the  members  to  inform 
the  Bureau  of  any  ladies  they  might  have  with  them,  in  order 
that  means  might  be  provided  for  their  comfort  and  entertain- 
ment    The  first  printed  list  of  members  was  then  presented. 

The  secretary  further  stated,  that  catalogues  of  the  museums 
of  science  and  of  arts  had  been  prepared  and  would  be  distrib- 
uted at  the  close  of-  the  meeting.  The  Prussian  minister  had 
provided  for  the  opening  of  the  museums  to  all  members  of  the 
Congress,  from  9  o'clock  till  3  P.  M.,  and  certain  days  were 
designated  when  the  chiefs,  or  their  representatives,  would  be 
present  to  show  and  explain  their  contents. 

M.  Eenevicr  (of  Switzerland),  chairman  of  the  committee  on 
the  chart  of  Kurope,  then  commenced  to  read  the  report  of  his 
committee,  explaining  beforehand  that  it  was  not  7//5  report  but 
the  report  of  the  committee  which  had  met  at  Foix  and  at 
Zurich,  and  deliberated  upon  the  matters  referred  to  them. 
Although  the  place  and  times  had  been  appointed  for  the  dis- 
cussion of  all  matters  pertaining  to  the  j)reparation  of  the  geo- 
logical map  of  Europe,  unfortunately,  the  committee  was  not 
complete  at  any  of  its  meetings. 

The  Committee  of  Direction  has  made  a  contract  with  the 
house  of  D.  Rcimer  &  Co.,  of  Berlin,  which  engages  to  under- 
take the  publication  of  the  map  under  excellent  economic  and 
scientific  conditions.  The  map  will  be  divided  into  49  sheets, 
each  sheet  of  48  centimeters  by  63  centimeters.  These  49 
sheets  united  will  form  a  rectangle  ^j%%  meters  high,  Sf^ 
wide.  Profensor  Kiepcrt,  of  Berlin,  has  agreed  to  prepare  the 
topographic  base,  which  will  be  entirel}'  rcmoileled  according  to 
the  most  recent  data  that  can  be  obtained.  The  house  of  D. 
Kcimer  &  Co.  undertakes  the  publication  at  its  own  cost,  on  the 
single  condition  that  the  international  committee  guarantee  to 
it  the  placing  of  900  coj)ics  at  100  francs  a  copy,  and  furnish  it 
sums  on  account  in  advance.  The  price  of  subi'cription  is  100 
francs,  but  1:^5  francs  will  be  fixed  at  as  the  trade  price  of  the 
work.  This  guarantee  subscription  has  been  divided  as  follows. 
Each  of  the  great  States  of  Europe:  Great  Britain,  France, 
Spain,  Italy,  Anstro-IIungar}*,  Germany,  Scandinavia  and 
Kussia  a^rrce  to  take  100  copies  each.  The  six  small  States, 
Belgium,  Holland,  Ponmark,  Switzerland,  Portugal  and  Kou- 
mania,  will  divide  among  themselves  the  last  hundred  copies. 

A  |)roniisc  lias  been  received  from  each  of  the  above  named 
countries  that  it  will  lend'  its  assistance  to  the  committee,  con- 
formably to  the  distribution  above,  with  the  single  exception  of 
Spain,  whose  answer  has  not  yet  been  received.  The  commis- 
sion will  consider  what  can  be  done  to  obtain  this  answer. 

As  to  the  geological  s3'mbolization,  it  will  be  furnished  uatu- 
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Germany, 

'  France. 
Italy. 
Kusflia. 
Austro-Hiii  _ 
Great  Britain. 
Switzerland. 


rally  by  the  national  committees,  each  one  for  its  own  country, 
and  these  contributions  will  be  harmonized  by  the  labor  of 
the  Committee  of  Direction,  which,  besides,  will  have  the 
duty  of  comijleting  the  work,  by  all  the  data  accessible  to 
it,  published  or  unpublished.  The  chromo-lithographic  work 
■will  be  done  by  the  editors,  Reimcr  &  Co.,  conformablj-  to 
the  international  scale  fixed  at  Bologna  and  completed  at  this 
meeting. 

The  scale  of  the  map  wjia  fi.xcd  by  the  unanimous  consent  of 
the  Bologna  Congress,  September'  29th  and  30th,  18S1,  at 
T  8  a  i  fl  u P'  "^  ^^^  same  time  that  the  map  was  decided  ujKin,  and 
Its  execution  was  confided  to  eight  members  composed  of: 

Mt'ssra.  Bey  rich,  J  Comniiltee  of  Direc- ] 

Ilauchecorne,  ]       tion  at  Jierlin.        \ 
Dailbree, 
Giordano, 
Dr.  MoUer, 
Mojsisovics, 
Topley, 

Renevier  ( General  Secretary), 
Specimens  of  tlie  work  done  on  tlie  chart  were  exhibited  to 
the  Congress,  The  greatest  progress  had  been  made  on  tliose 
jiortions  under  the  charge  of  Germany  and  Italy.  The  chart 
exhibited  the  wisdom  of  the  decision  oE  the  Bologna  Congress 
in  expres-;ing  the  successive  subdivisions  of  the  periods  by  grad- 
uated tints  of  the  same  color,  the  deepest  tints  representing  the 
oldest  stage. 

At  this  point,  Professor  Capellini  exhibited  a  roll  that  had 
been  bamled  him  as  the  first  installment  of  the  colored  ma|)  of 
Italy,  made  on  the  scule  agreeil  upon  {.lYS^-rns)-  ^^  contained 
Central  and  Sotitliern  Italy. 

iL  Nikitin  (Russia),  reported  that  an  installment  of  the 
map  of  Russia  was  en  route,  and  that  it  would  be  exhibited 
the  next  day. 

In  conclusion,  the  report  offered  the  following  resolutions  for 
the  adoption  of  the  Congress: 

1st.  Dr.  Moeller,  who  has  resigned,  is  hereby  replaced  in  the 
commission  by  Mr.  Karpinski. 

2d.  Tlie  "  Carbonic  "  system  (or  Permo-earboniferous),  will  be 
represented  bv  a  gray  color  in  three  tints. 

3d.  The  "I)evonic"  system  will  have  three  tints  of  brown. 
4th.  The  color  of  the   "Siluric"  system  is  left  to  the  choice 
of  the  committee  on  tiie  chart. 

oth.  The  erupiivo  roeks  will  bo  represented  by  seven  tints  of 
red,  from  bright  to  dark  brownish. 

6th.  The  determination  of  other  questions  in  the  report  is  left 
to  the  discretion  of  the  committee  on  the  map. 
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This  was  acted  upon  section  by  section.  Section  1  was 
adopted  without  dissent.     Section  2  was  then  read. 

Professor  Hughes  (Cambridge),  objected  strongly.  He  said 
the  discordance  between  the  two  formations  in  England  was 
enormous  and  that  the  English  geologists  would  never  consent 
to  this  union. 

Professor  Dewalque  (Belgium),  defended  the  proposal  of  the 
committee. 

M.  Hauchecorne  (Germany),  urged  that  the  gray  chosen  by  , 
the  committee  for  tlie  Permian  was  a  greenish  gray  very  diflFe^ 
ent  from  that  of  the  Carboniferous,  and  he  believed  that  if 
Professor  Hughes  would  look  at  the  chart  as  made,  he  would 
find  that  all  the  distinction  he  desired  was  accomplished  by 
this  tint.  Uis  view  was  that  a  distinction  of  two  entirely  diffe^ 
ent  tints  of  the  same  general  color  base  would  •fFect  as  com- 
plete a  representation  of  the  difference  between  the  two  series 
as  could  be  effected  by  totally  different  colors. 

M.  Nikitin  (Russia),  thought  the  Carboniferous  ought  not 
and  could  not  be  joined  to  the  Permian,  and  discussed  the  case 
of  the  so-called  transition  beds  in  Nebraska  and  elsewhere  in 
illustration  of  the  view. 

Professor  Renevier  (Switzerland),  thought  the  Culm,  Carbon- 
iferous and  Permian  really  constitute  one  system,  but  in  order 
not  to  prejudge  the  case  he  had  invented  the  term  ** Carbonic"* 
Section  2  was  then  adopted.  It  was  voted  that  the  Carbonif- 
erous and  Permian  be  colored  in  different  tints  of  gray. 

M.  Dewalque  (Belgium),  objected  to  the  use  of  the  term 
Silurian  in  the  following  (4th)  section,  on  the  ground  that  the 
question  of  the  limitation  of  the  Silurian  was  to  be  brought  up 
hereafter. 

M.  Renevier  said  he  had  used  the  term  "Silurique"  in  order 
not  to  bring  up  the  Silurian  question,  and  moreover,  he  had 
said  ''Silurique,  Cambrian  included."  He  called  the  attention 
of  M.  Dewalque  to  the  fact  that  it  was  impossible  for  him  to 
discuss  things  without  applying  to  them  names,  but  that  he  did 
so  in  a  manner  that  he  thought  would  commit  the  committee 
and  Congress  in  the  least  possible  degree. 

Professor  Hughes  energetically  protested  against  the  use  of 
the  word  "Silurique.'*  He  had  not  found  the  Cambrian  in  the 
region  of  the  Silures. 

M.  Jacquot  (France)  allied  himself  warmly  with  Professor 
Hughes  in  protesting  against  the  use  of  the  term  Silurique,  at 
least  for  the  measures  in  France.  One  can  recognize  distinctly 
the  difference  between  the  Silurian  and  Cambrian  in  every  part 
of  the  extended  contact  in  his  country,  in  the  Pyrenees  and  in 
various  other  places  they  are  never  to  be  confounded. 

Professor  Renevier  said,  it  is  not  a  question  of  confounding 
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them,  but  it  is  simply  a  question  of  using  one  general  color- 
base  for  a  column  of  measures  which  have  certain  points  of 
analogy  and  are  usually  found  together.  They  could  be  easily 
distinguished  from  each  other  by  differences  of  tint  or  other 
means. 

M.  Jacquot  replied  that  he  could  not  see  any  reason  for 
uniting  two  things  that  are  distinct. 

M.  Hauchecorne  (Secretary),  said:  Gentlemen,  we  must  get 
on,  and  I  ask  as  a  personal  favor  on  behalf  of  the  committee 
CD  the  chart  of  Europe,  that  the  members  repose  a  certain 
amount  of  confidence  in  it.  It  is  not  intended  to  prejudge  any 
question  or  force  upon  the  delegates  any  views  other  than 
those  they  desire  to  support.  He  sugq:ested  that  the  fourth 
article  might  be  so  altered  as  to  allow  the  committee  to  adopt 
provisionally  according  to  their  choice,  a  scheme  of  colors  for 
convenience,  and  that  this  choice  should  not  decide  the  scien- 
tific question  connected  therewith  at  all. 

M.  Jacquot  accepted  the  suggestion  of  the  Secretary,  and 
thereupon  section  4  was  adopted. 

5th.  The  eruptive  rocks  shall  be  represented  by  seven  tints 
ranging  from  dark  to  light  red.     Carried. 

6th.  The  solution  of  other  questions  that  might  arise  were 
referred  to  the  committee  on  the  chart  for  decision.     Carried. 

M.  Choflfat  (Portugal)  said  that  in  joining  the  Dogger  and 
the  Malm,  a  junciion  is  made  which  is  opposed  by  all  paleonto- 
logical  and  petrographical  evidences. 

M.  Hauchecorne  stated  that  in  his  opinion  the  objection  was 
too  much  a  matter  of  detail  to  be  brought  before  the  Congress 
at  this  time,  and  he  appealed  to  M.  Choffat  to  withdraw  his 
objection. 

M.  Choffat  replied  that,  in  doing  his  work  in  Portugal,  it 
was  impossible  for  him  to  take  this  view  of  the  two  series. 

M.  Hauchecorne  again  appealed  in  the  name  of  the  com- 
mittee to  M.  Choffat,  to  withdraw  his  objection,  stating  ibat 
the  committees  on  the  maps  of  Europe  and  of  Portugal  would 
have  ample  time  to  consider  and  adjust  all'these  points  of  differ- 
ence.    No  definite  action  was  taken. 

M.  Hauchecorne  then  announced  that  the  council  would 
meet  at  11  a.  m.  and  the  Congress  at  2  P.  M.  on  Wednesday. 
The  first  two  hours  of  the  session  would  be  devoted  to  busi- 
ness and  the  last  two  to  purely  scientific  discourses. 

2d  Session,  2:30  p.  m.,  30th  Sept. 

At  the  request  of  Dr.  Beyrich,  the  Honorary  President,  Dr. 
von  Dechen,  took  the  chair.  The  Secretary  then  made  an- 
nouncements in  regard  to  excursions,  and  stated  that  the  Con- 
gress until  4  P.  M.,  would  discuss  the  report  of  the  committee 
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upon  the  chart  of  Europe.  Afterwards  they  would  li.sten  to 
lectures  upon  special  subjects :  M.  Gaudry  upon  certain  rep- 
tiles, and  Dr.  Newberry  (of  New  York),  on  a  new  fish  from 
the  Devonian. 

The  Secretary  further  announced  the  gifts  which  had  been 
presented  to  the  Congress. 

M.  Dcwalquo  began  the  reading  of  the  report  of  the  com- 
mittee upon  uniformity  of  nomenclature  at  p.  18:  A.  Archaean 
System,  Nos.  1,  2  and  3.  "  The  first  question  to  settle  ia, 
whether  it  should  be  included  under  the  Paleozoic.  The  nega- 
tive of  this  does  not  seem  doubtful.  Consequently  and  in  con- 
formity with  tlie  proposition  of  the  French  report,  we  propose 
to  the  Congress  to  decide  that  this  system  shall  form  a  group 
to  be  known  as  tlie  Primitive  group.  The  termination  of  the 
word  primitive  will  recall  the  characters  which  distinguish  it 
from  the  groups  ^primary,  secondary y^  &c. 

M.  Blanford  proposed  that  we  postpone  the  question  of 
forming  such  a  group  till  a  later  occasion. 

Professor  Hughes  did  not  think  that  we  had  found  the 
bottom  of  this  group,  and  therefore  we  should  wait  for  the 
determination  of  the  term  to  be  used,  whether  group  or  system. 
He  called  attention  to  an  error  in  the  report  by  which  it  would 
seem  that  the  Efiglish  committee  prefers  the  term  Pre-Cam- 
brian.  The  English  prefer  the  term  Archcean  to  Pre-Camhrian^ 
and  they  have  used  the  former  term. 

M.  Dewalque  said  if  this  group  be  not  accepted,  it  most 
l)elong  to  the  Paleozoic  [Loud  objections.]  Mr.  Dewalque 
replied  there  was  no  way  of  avoiding  the  dilemma. 

Professor  Hughes  tliought  we  might  represent  it  as  a  part  of 
an  unfinished!  system,  but  not  as  a  system  or  a  group. 

M.  de  Lnpparent  (France)  said  if  the  Congress  is  willing  to 
decitle  that  there  are  no  fossils  in  the  Archaean,  it  should  beset 
apart;  if  it  contain  fossils  it  must  be  joined  to  the  Paleozoic. 

M,  Renevier  proposed  the  term  Terrain  to  avoid  prejudg- 
ing the  question  of  the  rank  in  the  classification  of  these  rock& 
He  objected  to  the  use  of  this  term  in  any  systematic  sense,  but 
believed  it  might  be  employed  in  a  general  sense. 

Dr.  von  Deelien  said,  we  want  the  terms  *' group"  and  "sys- 
tem" used  for  the  chart,  and  do  not  want  any  vague  terms. 
He  believed  it  was  necessary  to  maintain  the  usage  of  terms 
adopted  by  the  Congress  at  Bologna. 

Profej^sor  Huuiies  suggested  that  the  use  of  the  term  group, 
for  the  Archiean  be  adopted,  without  settling  its  subilivision 
into  svsiems.  or  attemjUing  any  correlation  between  subili vis- 
ions in  ditVerent  countries. 

M.  Kenevier  replied  that  we  do  not  apply  to  eruptive  rocks, 
the  words  **  group  *  or  **  system,"  but  simply  "  rocks."    If  erup- 
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3  rocks  require  no  classification  farther  than  this,  the  words 
I  coloration  are  sufficient  for  the  Archaean. 
Dr.  Beyrich  said  that  all  that  was  necessary  at  present  was 
acceptance  of  the  Archaean  as  anterior  to  Paleozoic  time, 
tf.  Stefanescu  proposed  the  term  "group"  for  all  the. rocks 
ceiling  the  Paleozoic.     His  question  was,  **  Shall   we  say 
cha>an  *  system  '  or  *  group  ?'  '* 
Vt.  Firkot  said  there  were  two  questions  involved : 
1st.  Arch^an  or  Primitive?     2d.  Group  or  system? 
VI.  Dewalque  spoke  to  the  same  eflfect. 

Dr.  Hauchecorne  asked  for  a  vote  on  the  terms  *' group"  or 
tern."     "  Group  "  was  chosen. 

The  vote  was  then  taken  on  "Archa3an."  or  **  Primitive.*' 
Lrchajan  "  was  adopted,  after  M.  Renevier  (chairman  of  the 
nraittee  on  the  chart  of  Europe),  had  explained  his  views 
)n  the  question. 

VI.  Dewalque  proposed  that   some  member  should  make  a 
tion  to  divide  the  Archaean  into  three  parts. 
Dr.  Hauchecorne  asked  M.  Dewalque  to  make  some  propo- 
on  in  order  to  bring  the  question  before  the  Congress.     No 
ion  was  taken. 

3e  stated  that  it  was  proposed  to  subdivide  the  Archsean 
o  Azoic  schists,  Crystalline  schists,  and  Protogine  schists. 
Professor  Hughes  suggested  that  it  would  be  better  to 
)ress  the  petrographic  character  and  not  divide  the  group 
•onologically.  To  this  M.  Renevier  agreed. 
Vl.^Jacquot  stated  that  no  division  of  the  Archaean  in  France 
3  possible  at  present.  The  work  of  M.  Lory  in  France  and 
the  Alps  results  in  establishing,  as  the  best  procedure,  the 
oration  of  mica-schists  and  gneisses  in  the  same  manner, 
also  supported  M.  Hughes's  proposition.  . 

rf.  Firkct  agreed  to  the  petrographic  divisions,  but  objected 
the  term  "Azoic."     It  begs  the  question  of  the  existence  of 

• 

rf.  Stefanescu  stated  that  the  Archaean  is  well  represented 
Roumania,   but   there    was   extreme   difficulty  in    making 
)di  visions. 

rf.  Lapparent  respectfully  requested  that  the  term  "Proto- 
e"  be  suppressed  once  for  all,  and  gave  his  reasons.  A 
e  was  taken  and  the  term  was  suppressed. 
The  proposition  of  Professor  Hughes  was  then  adopted,  viz : 
accept  the  Archaean  as  a  group,  leaving  the  petrographic 
isions  to  each  geologist  and  not  assigning  to  them  any 
onological  value. 

The  question  then  taken  up  was  B  4,  5,  and  6  (p.  14  of  the 
nmittee's  report),  as  follows: 
The  conference   at  Zurich  has    admitted  provisionally  the 
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union  into  one  system  (for  which  the  name  is  yet  to  be  deter- 
mined), of  the  different  beds,  corresponding  to  the  Cambrian 
and  Silurian  of  the  British  Isles.  The  French,  Portuguese  and 
Roumanian  committees  propose  the  name  of  Silurian  System. 
Before,  voting  on  the  proposition,  the  Congress  will  have  first  to 
pronounce  upon  the  names  to  he  given  to  the  three  groups,  and 
then  on  their  union  into  one  or  two  systems.  The  Hungarian 
Committee  propose  a  Cambrian  and  a  Silurian  system  ;  the  latter 
comprising  the  groups  5  and  6  united.  The  JBelgian  Commit- 
tee would  have  proposed  an  analogous  grouping,  but  preferred 
to  conform  to  the  decision  taken  by  a  large  majority  at  Zurich. 
The  French  Committee  does  not  propose  any  name  for  the 
three  groups.  The  Roumanian  Committee  gives  them  inad- 
missible names  (these  should  be  each  in  one  word),  "lower, 
middle  and  upper.*  The  Belgian  Committee  proposes  the 
names  Cambrian,  Ordovician  and  Silurian.  The  Portuguese 
substitute  *  Bohemian*  for  the  last  term.  We  have  already 
said  the  English  Committee  has  not  been  called  to  decide  upon 
the  questions  of  the  report  which   have  been  submitted  to  it" 

Since  the  receipt  of  the  reports  of  the  national  committees, 
the  questions  to  be  decided  have  been  complicated.  M.  Jules 
Marcou,  in  an  important  work  published  by  the  American 
Academy  of  Science  and  Arts,  and  entitled  "The  Taconic 
System  and  its  position  in  stratigraphic  geology,"  has  vindicated 
the  priority  of  the  term  Taconic  of  which  the  Cambrian  alone 
(or  Primordial  fauna)  would  be  the  equivalent.  We  think  the 
question  is  demonstrated.  In  such  a  case  the  term  Cambrian 
would  be  emf)loyed  to  replace  the  Ordovician,  the  name  "Silu- 
rian would  come  back  by  right  to  group  6.  If  we  be  not  in 
error  this  solution  would  avoid  manv  difficulties.  We  pro)X)se 
to  tlie  Congress  to  determine  first,  the  names  that  the  groups 
4,  6  and  0  should  bear.  It  will  have  to  decide  afterward 
whether  tiiey  constitute  one  or  two  systems,  and  finally  the 
name  or  names  to  be  employed. 

Profes.«or  A.  Geikie  proposed  that  the  Congress  postpone  the 
subject  of  subdividing  the  Cambrian  and  Silurian  until  the 
meeting  in  England  ;  on  the  ground  that  the  Silurian  question 
was  mainly  an  English  question.  (Loud  murmurs).  Professor 
Hughes  agreed  with  Professor  Geikie  as  to  the  propriety  of 
postponing  the  discussion  of  these  questions,  and  said  that 
Professor  llall  had  also  expressed  his  approval  of  this  course. 

The  chairman,  Dr.  von  Dechen,  put  the  question  to  divide 
the  Silurian,  but  leave  the  names  till  the  meeting  in  England. 
M.  Capellini  regretted  such  action,  if  it  would  postpone  the 
completion  of  the  European  map.  M.  Hauchecorne  said  it 
would  not,  as  the  map  could  be  completed  without  waiting  for 
the  determination  of  the  names. 
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The  motion  was  then  put  and  carried. 

The  Congress  then  took  up  the  Devonian.  M.  Dewalque 
continued  reading  that  part  of  the  report  in  regard  to  the  De- 
vonian (pp.  15,  16),  numbers  7,  8  and  9.  (a!)  Conformably 
with  the  only  propositions  that  have  been  made,  the  Congress 
is  requested  to  decide  that  the  three  series  of  this  system  shall 
bear  the  names  respectively  of  the  Rhenian,  the  Eifelian,  and 
the  Fammenian. 

(/>.)  We  propose  that  the  Calceola  beds  should  form  a  part  of 
the  Eifelian. 

(c.)  Finally  we  propose  to  the  Congress  to  decide  that  the 
upper  limit  of  the  Devonian  system  is  to  be  placed  at  the  base 
of  the  Carboniferous  limestone ;  that  is  to  say,  that  the  system 
comprises  the  psammites  of  Condroz,  the  lower  Carboniferous, 
(Kiltorkan,  Marwook,  Pilton)  the  upper  *  Old  Red  ^  or  the  Cal- 
ciferous  sandstone,  etc. 

M.  Renevier  asked  why  the  Coblentzian  was  called  Rhenian. 
M.  Lapparent  explained  that  Coblentzian  was  used  in  a  more 
restricted  sense. 

M.  Dupont  demanded  that  the  upper  Devonian  begin  with 
the  zone  of  Cyriia  Murchisomana.  Dr.  Beyrich  remarked  that 
few  in  Germany  would  as^ree  to  this  classification.  M.  Renevier 
desired  to  say  that  M.  Gosselet,  whom  he  had  expected  to  see 
here,  regarded  the  junction  between  the  Calceola  beds  and  the 
Stringocephalus  beds  as  forming  the  division  between  the  lower 
and  middle  Devonian.  M.. Dupont  remarked  that  such  was 
the  classification  of  M.  Gosselet  some  time  ago.  Much  had 
been  done  since.  Dr.  von  Dechen  said  the  Calceola  beds  sliould 
be  in  the  middle  Devonian. 

The  third  section  of  the  Devonian  (in  regard  to  its  upper 
limit)  was  then  read. 

M.  Geikie  said  that  an  error  had  crept  into  this  clause  and 
be  proposed  to  strike  out  all  after  the  word  *  Condroz '  except 
the  words  "  the  Upper  Old  Red."  M.  Renevier  objected  to 
sharp  lines.  We  should  not  go  into  such  details  and  he  asked 
for  the  striking  out  of  the  clause  on  principle.  M.  Capellini 
said  if  it  was  necessary  for  the  coloration  of  the  map  he  would 
retain  it,  but  it  did  not  seem  to  him  to  be  necessarj'.  M.  De- 
walque thought  it  was  necessary  to  make  sharp  distinctions  in 
the  map  as  to  the  beginning  and  ending  of  series,  otherwise 
how  was  it  possible  to  compare  corresponding  series  in  different 
countries?  The  limits  must  be  at  the  same  horizon  for  all 
regions  recorded  on  the  map. 

M.  Capellini  proposed  to  adjourn  the  decision  of  fixed  limits, 
because  it  was  not  necessary  to  the  coloring  of  the  chart.  M. 
Hauchecorne  was  of  M.  Dewalque's  opinion.  Dr.  Beyrich 
thought  that  we  could  not  separate  the  Devonian  from  the 
Carboniferous  at  an  absolute  horizon. 
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M.  Benevier  said  this  was  necessary  in  important  cases  bat  was 
not  important  here.  M.  Lapparent  remarked  that  if  the  geolo- 
gists of  England  are  content  to  sit  still  and  make  no  objection 
to  the  proposed  limitation,  the  Congress  would  save  much 
trouble  by  permitting  the  proposed  limitation  to  be  accepted, 
because  the  English  are  most  interested  in  it. 

At  the  close  of  the  discussion  the  clause  was  stricken  out 
Several  scientific  papers  were  then  read,  among  them  one  by 
M.  Gaudry  on  some  fossil  reptiles,  and  another  by  Dr.  New- 
berry on  a  new  Devonian  Fish. 

3d  Session,  Oct.  1,  2:30  p.  m. 

Session  opened  with  Dr.  von  Dechen  in  the  chair.  M.  Fon- 
tannes,  secretary,  read  the  minutes  of  the  last  two  meetings, 
after  which  M.  Dewulque  continued  the  reading  of  the  report 
of  the  committee  on  unifying  ihe  nomenclature.  Professor 
Oapellini  read  a  telegram  from  the  Syndic  of  Bologna  as  fol- 
lows: ^^  Bologna,  proud  of  having  been  the  seat  of  the  second 
session  of  the  International  Geological  Congress,  sends  an  affec- 
tionate greeting  to  the  illustrious  savants  assembled  at  Berlin, 
and  hopes  that  their  works  will  aid  the  progress  of  civilization." 

M.  llauchecorne  then  announced  the  scientific  memoirs 
which  would  be  presented  at  4  P.  M. 

Szabo :  On  the  new  map  of  Schemnitz. 

Mayer-Eymar:  The  perihelions  of  the  Globe  and  the  sedi- 
mentary rocks. 

Rcusch  (Norway:)  1.  Exhibition  of  a  meteorite  which  fell  in 
Norway  in  1884,  with  some  observations  on  meteorites  in  general. 

Reusch  (Norway :)  2.  P]xhibition  of  specimens  and  charts 
illustrating  the  phenomena  of  pressure  and  tension  in  meta- 
morphic  rocks. 

Taramelli :  On  chemical  deposits,  and  two  or  three  other 
papera 

This  was  followed  by  a  list  of  the  donations  given  to  the 
members  of  the  Congress  and  to  individuals. 

The  announcement  of  the  trips  to  Thale,  Leipzig  and  Stass- 
furt  were  so  modified  as  to  enable  those  members  who  desired 
to  proceed  directly  on  Wednesday  to  Dresden  instead  of  re- 
maining to  make  the  geological  excui-sions  with  Professor 
Credner.  These  would  go  directly  to  Dresden  under  the  auspi- 
ces of  Geheimrath  Professor  Geinitz,  and  on  Thursday  visit  tl»e 
Natural  History  Museum  of  the  Z winger,  and  afterward  the 
collections  of  the  Royal  Gallery.  Thursday  evening  they  were 
to  reassemble  on  the  Briihlische  Terrasse,  and  the  next  day 
to  s{)end  the  time  in  observing  the  collections  of  Dresden. 
They  will  reassemble  on  the  Belvidere  on  Friday  evening. 
(This  programme   was  carried  out  with  some   modifications.) 

The  continuation  of  the  Report  of  the  committee  on  nomen- 
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clature    was  then  proceeded  with   by   M.  Dewalque  at  p.  15. 
D.  the  Carboniferous  System. 

M.  de  Lapparent  took  the  floor  and  supported  the  proposition 
of  the  committee  to  unite  the  Permian  with  the  Carboniferous. 
His  ground  was  that  every  classification  should  base  its  horizons 
upon  established  fauna.     Most  happily  for  the  geologists,  in  the 
earlier  formations  there  is  the  most  valuable  evolution  of  the 
Cephalopods ;    but  it  was   not  ihus  with   the  Permian,  as  he 
appealed  to  the  paleontologists  who  had  occupied  themselves 
with  these  beds  to  declare.    Among  other  arguments  presented, 
he  remarked  that  in  Asia,  there  was  no  Pelagic  fauna,  by  means 
of  which    one   could    distinguish    the   Carboniferous   and   the 
Permian,   and  the  same  was  true  in  other  countries  of  which 
there  were  representatives  present.     He  concluded,  "I  believe 
that  in  establishing  the  Permian  as  a  unit  we  construct  some- 
thing which  has  nothing  in  common  with  the  characters  adopted 
for  other  sub-divisions  ;  which  has  no  distinctive  characters  of 
its  own;  and  which  in   fact  does  not  exist.     Whereas   united 
to  the  Carboniferous  we  have  two  distinct  horizons  of  faunas, 
each  of  which  is  susceptible  of   further  subdivision  by  pro- 
nounced differences  in  character.     Dr.  Beyrich  made  some  ob- 
servations.    Mr.  Jacquot  thought  that  Mr.  Dewalque  should 
read  to  the  Congress  the  opinions  that  had  been  expressed  by 
the  different  national  committees.     This  would  have,  in  his  view, 
the  most  capital   importance  in  deciding  the  question.     Mr. 
Dewalque  conformably  to  the  request  of  the  last  speaker,  called 
first  upon  the  French  committee. 

M.  Lapparent  did  not  think  that  his  opinion  should  be 
brought  into  conflict  with  that  of  the  French  committee,  to 
which  as  a  member  his  name  was  attached. 

M.  Renevier  spoke  on  this  question. 

M.  Chofi'at,  in  the  course  of  his  remarks,  insisted  that  the 
question  of  the  thickness  of  measures  was  an  entirely  insignifi- 
cant one. 

M.  Capellini  read  the  report  of  the  French  Committee  and 
observed  that  M.  Lapparent  may  very  well  present  his  own 
views  in  the  Congress,  even  though  they  be  different  from  those 
of  the  committee. 

Prof.  Hughes  exhibited  a  chart  of  a  section  made  by  himself: 
there  was  a  large  gap  between  the  Permian  and  the  Carbonif- 
erous ;  still  the  amount  of  time  to  be  ascribed  to  that  gap  is  differ- 
ent in  different  places,  and  no  doubt  if  the  contact  line  could  be 
every  where  examined,  places  would  be  found  where  the  two  sys- 
tems would  approach  each  other  very  nearly.  As  at  the  base  of 
the  Carboniferous  also,  there  is  an  enormous  break  of  at  least 
27,000  feet  of  measures  that  had  been  eroded  before  the  present 
discordant  contact  was  effected.     That  between  the  Permian  and 
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Carboniferous  represents  also  an  enormous  lapse  of  time.  In 
reply  to  the  argument  from  the  percentage  of  fossils  common 
to  the  Carboniferous  and  Permian,  he  observed  that  the  number 
of  fossils,  which  are  found  in  a  given  neighborhood  depends 
both  upon  the  excellence  of  the  geologists  looking  for  tbera 
and  the  assiduity  of  their  search.  The  percentng*^  of  fossils 
common  to  the  Paleozoic  and  Mesozoic  is  increasing  every  day 
in  proportion  to  tlie  hammering  done. 

M.  de  Lai)parent  was  of  the  opinion  that  the  arguments  for 
establishing  these  sUiges  should  be  pelagic  traces  rather  than 
geographic  situations.  He  continued,  that  if  we  could  restore 
the  geographical  divisions  of  the  world  as  they  were  at  the  time 
when  these  various  gro;ips  were  laid  down  and  the  Carbonif- 
erous and  Permian  did  not  present  analogies  which  could  be 
made  out,  he  (Lapparent)  would  acknowledge  himself  in  error, 
but  the  same  argument  could  not  be  drawn  from  the  present 
geographic  conditions  of  the  earth.  He  would  cite,  however, 
another  argument,  namely  that  from  pctrogniphic  studies.  There 
was  not  to  be  found  in  the  Permian  a  trace  of  certain  rocks  so 
peculiar  throughout  the  Carboniferous.  All  the  outflows  char- 
acterizing the  Carboniferous  on  the  one  hand  and  the  Triassicon 
the  other  were  wanting  in  the  Permian  measures,  where  another 
order  of  things  from  that  preceding  seemed  to  have  supervened. 

Dr.  Bey  rich  made  some  remarks.  Another  member  of  the 
Congress,  staled  tiiat  the  Rothliegcndes  must  be  separated  from 
the  Carbonic  and  also  from  the  Triassic. 

Tiie  Hon.  President,  von  Dechen,  said  that  the  Rothliegendes 
was  a  very  remarkable  group.  It  has  the  thickness  in  some 
places  of  1,()00  meters,  and  even  at  this  depth  the  bottom  is  not 
found.  Rothliegendes  and  Zechstein  occur  over  vast  extents 
of  country.  In  Russia  there  are  outcrops  of  it  larger  than 
the  whole  of  some  countries  existing  in  Europe. 

M.  Blanford  said  :  *'In  talking  up  this  question  we  take  up 
one  that  concerns  many  ])arts  of  the  world.  Outside  of  Europe 
there  is  no  Permian — 1  mean  no  European  Permian.  It  is  im- 
possible to  sep.irate  the  upper  from  the  middle  and  lower  Car- 
bon ilerous.  I  believe  that  the  fauna  of  the  Zechstein  is  a  local 
fauna  and  therefore  I  give  niv  adhesion  to  the  views  of  M. 
de  Lapparent  as  to  uniting  the  Pernnan  and  the  Carboniferous." 

M.  Capellini,  rising  with  the  report  of  the  committee  at 
Zurieh  in  his  hands,  remarked  that  there  must  be  some  mistake 
in  the  j>rinted  report  inasmuch  as  it  was  there  stated  that  M. 
Blanford  was  of  the  opinion  that  there  was  an  evident  division 
between  the  Carboniferous  and  Permian. 

M.  Blanford  stated  that  the  report  was  entirely  correct  and 
that  he  would  explain  how  the  misunderstanding  arose.  He 
was  under  the  impression,  during  the  discussion  at  Zurich,  thai 
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the  question  was  simply  of  European  geology — and  in  the  vote 
that  was  taken  he  had  no  part. 

M.  Stur  made  some  observations  on  the  course  to  be  pur- 
sued in  treating  these  two  formations.  He  believed  in  uniting 
the  Permian  and  Carboniferous  in  one  system. 

M.  Nikitin :  "We  have  two  regions  in  Russia  where  we 
have  studied  these  groups.  They  are  divided  into  two  stnges. 
In  central  Russia,  in  the  Yolga  valley,  we  can  distinguish  them, 
but  at.  the  foot  of  the  mountains  we  cannot.  We  cannot 
at  the  present  time,  therefore,  define  accurately  the  limits  be- 
tween these  diflferent  systems,  but  no  doubt  in  the  future  we 
shall  be  able  to  do  so. 

M.  Renevier  was  glad  to  hear  from  M.  Stur's  remarks  the 
confirmation  of  views  which  he  had  always  held  and  often  ex- 
pressed, namely :  that  the  classification  based  on  gaps  is  false 
and  artificial.  I  agree  with  M.  Nikitin,  that  our  groups  are  aM 
artificial.  (Dissenting  murmui*s).  Oswald  Heer  calls  the  Per- 
mian Upper  Carboniferous  by  its  flora.  And  as  to  the  fauna 
he  has  shown  a  great  number  of  species  that  are  similar.  M. 
Gaadry  has  done  the  same  for  the  reptiles  ;  M.  Fritsch's  views 
tend  in  the  same  direction.  The  divisions  ought  to  be  made 
on  paleontological  evidence. 

Professor  Newberry  remarked  that  he  knew  it  was  a  question 
here  of  the  European  map,  and  perhaps  it  would  be  an  impiM'ti- 
nence  on  the  part  of  an  American  to  expr^  any  opinion  ;  "  but 
I  am  asked,  he  continued  "to  express  the  opinion  of  my 
honored  colleague  Professor  Hall,  that  there  is  no  Permian  in 
America.  From  my  own  studies  also  I  know,  that  there  is  an 
insensible  transition  from  the  Carboniferous  beds,  t«>  those  wliich 
correspond  in  position  to  the  Permian,  and  there  is  no  strict 
line  of  demarcation  between  the  Trias  and  the  Permian.  There- 
fore, for  America  (and  only  for  America  I  speak),  the  Permian 
as  a  separate  division  d,oes  not  exist." 

M.  Uapellini :  "  The  president  asked  me  to  see  what  can  be 
done  to  advance  the  map,  and  although  it  appears  to  me  that  a 
majority  of  those  present  is  in  favor  of  joining  the  Permian  and 
Carboniferous,  still  there  is  a  respectable  number  of  those  who 
are  opposed  to  it.  And  therefore  the  commission  on  the 
map  would  propose  to  adjourn  the  discussion  and  definite  set- 
tlement of  this  question  until  a  future  time. 

M.  Topley  said:  "M.  Blanford  speaks  only  in  general  terms 
and  not  for  England  in  the  matter  of  these  groups.  It  is 
highly  important,  as  well  for  the  classification  as  for  the  eco- 
nomic geology  of  England,  to  preserve  the  identity  of  each 
system.  He  agreed  with  Professor  Hughes  in  drawing  a  strong 
line  of  demarcation  between  the  Permian  and  the  Carbonif- 
erous. 
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M.  de  Lapparent  said :  I  ask  the  Congress  to  give  tlie  statements 
made  by  Profea-^or  Newberry  and  M.  Blanford,  in  regard  to  the 
absence  of  the  Permian  in  various  parts  of  the  world,  the  atten- 
tion  that  they  deservi\  It  seems  to  me  that  the  object  of  this 
Congress  was  to  establish  a  system  applicable  to  all  the  world 
and  not  to  Europe  alofie,  or  it  should  not  have  invited  geolo- 
gists from  other  countries  than  the  European  to  participate. 

M.  Capellini  remarked  that  these  matters  were  to  be  settled 
as  broad  and  grand  questions  in  Science — without  paying  too 
much  attention  to  individual  matters  of  detail  in  which  differ- 
ent countries  might  differ. 

M.  Neumayr  thought  that  just  because  the  questions  were 
grand  and  broad  they  should  be  left  to  the  free  and  unrestricted 
discussion  of  scientiHc  men  in  the  jounjals  and  societies  of  the 
world,  and  not  be  settled  by  a  majority  which  changes  with 
every  country,  and  after  the  address  of  an  eloquent  orator. 

M.  Capellini  made  some  further  observations.  Ptx)fessor 
Hughes  said  that  Professors  Newberry  and  Blanford  had  stated 
that  there  was  no  Permian  in  India  and  America,  but  that  thejr 
had  simply  found  fossils  having  a  Permian  facies  in  the  Car- 
boniferous. He  concluded  by  expressing  the  belief  that  it  was 
better  to  leave  the  question  open. 

M.  Hauchecorne:  I  agree  entirely  with  the  views  of  Professor 
Hughes  as  to  the  scientific  aspect  of  the  question,  which  we 
f)ropose  to  leave  to  the  future.  But  in  the  map  we  will  arrange 
the  order  of  the  beds  provisionally  as  it  is  in  the  proposed  chart 
of  colors  without  uniting  the  two  systems  in  the  legend  of  the 
chart  by  a  bracket. 

The  ilon.  President  von  Dechen  asjreed  with  the  views  ex- 
pressed  by  Mr.  Neumayr  and  desired  the  map  to  go  on  to  its 
completion  at  the  earliest  moment. 

M.  Dewalque :  "I  propose  the  following  as  expressing  the 
opinion  of  the  Congress  on  this  subject;" 

*' The  Congress  not  wishing  to  pnmounce  any  view  on 
the  scientific  question  of  the  proper  division  of  the  Permian 
and  Carboniferous,  preserves  the  classification  as  it  now  is" 
(Adopted  with  about  fifteen  dissenting  votes). 

4th  Skssiox,  Oct.  2d,  2:30  p.  m. 

The  Congress  assembled  in  the  Reichstaffs  chamber  and  M. 
Capellini  occupied  the  chair  as  chairman  pro  tern. 

The  report  of  the  Council  was  read  and  the  nominations  pro- 
posed by  it  for  the  committee  on  the  chart  of  Europe  were 
voted  upon  and  unanimously  elected.  Tiiey  were  as  follows  in 
alphabetical  order  (in  French)  by  countries: 

Germany,         Homer.  India,  Blanford. 

Austria,  Neumayr.  Italy,  Capellini. 

Belgium,  Dewahpie.  Japan,  Neumann. 
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Canada, 

Denmark, 

Spain, 

United  States, 

France, 

Great  Britain, 

Hungary, 


T.  Sterry  Hunt. 

Johnstrup. 

Vilanova. 

James  Hall. 

de  Lapparent. 

Hughes. 

Szab6. 


Norway, 

Holland, 

Portugal, 

Roumania, 

Russia, 

Sweden, 

Switzerland, 


Kjerulf. 

van  Calker. 

Choffat. 

Stefanescu. 

Inostranzeflf. 

Torell. 

Renevier. 


The  members  of  this  committee  were  requested  to  vote  for  a 
president  for  the  next  meeting.  M,  Fontannes  read  the  jour- 
nal of  the  preceding  session,  which  was  approved. 

M.  Capellini,  in  the  chair,  then  took  up  the  question  on 
which  the  Congress  was  engaged  at  the  close  of  the  last  sepsiou, 
and  asked  if  any  one  wished  to  speak  further  upon  giving 
three  divisions  to  the  Trias. ,  After  a  pause,  M.  Renevier  re- 
marked that  he  did  not  wish  to  take  up  the  time  of  the  Con- 
gress, but  he  wanted  to  know  how  it  is  intended  to  color  the 
Trias.  Is  it  intended  only  provisionally  to  accept  the  divisions 
for  the  chart  or  not? 

M.  Stefanescu  said  the  proposition  to  accept  the  divisions  of 
the  chart  prejudges  the  whole  question. 

M.  Dewalque,  M.  Blanford,  and  M.  Capellini  furthefWiscussed 
the  question,  and  finally  the  three-fold  divisions  of  the  Trias 
proposed  at  the  Zurich  meeting  was  agreed  to. 

The  question  as  to  the  proper  place  of  the  Hettangian  beds 
(whether  with  the  Trias  or  with  the  Lias)  was  discussed  but  no 
decision  was  reached. 

It  was  decided  to  divide  the  Jurassic  into  three  parts. 

The  question  of  the  union  of  the  Rhretic,  not  including  the 
Hettangian,  with  the  Lias  or  Trias  was  again  discussed. 

M.  Hauchecorne  observed  that  tire  scale  of  colors  and  sym- 
bols were  so  arranged  that  the  Rhsetic  could  be  classed  with 
the  Trias  or  Lias  to  suit  the  observer.  The  question  as  to  the 
superior  limitation  of  the  Lias  with  the  zone  of  Ammonites  opali- 
nus  was  discussed. 

M.  Choffat  thought  that  so  little  of  this  series  is  known 
in  Europe  that  the  limit  should  be  left  for  each  geologist  to 
place  it  at  his  own  discretion.     Agreed  to. 

Next  the  Tertiary  was  taken  up.  An  animated  debate  ensued 
in  which  M.  Meyer  of  Zurich,  Dr.  Bey  rich,  M.  Stefanescu  and 
M.  Xeumayer  took  part 

Finally  the  chairman,  M.  Capellini,  proposed  that,  in  view 
of  the  fact  that  no  progress  seemed  possible  owing  to  the  diver- 
gence of  views  maintained,  a  vote  of  confidence  in  the  commit- 
tee on  the  chart  be  taken  ;  assuring  the  members  of  the  con- 
gress that  the  committee  would  exhaust  every  means  to  satisfy 
the  views  of  the  different  members.  (This  vote  of  confidence 
was  carried  unanimously.) 
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The  proposition  in  regard  to  the  Eruptive  Rocks  was  theo 
taken  up. 

Professor  von  Dechen  declared  that  there  should  be  no  dis- 
tinction  made  between  the  rocks  of  extinct  and  of  active  volca- 
noes, or  between  ancient  and  modern  eruptive  rocks,  but  there 
should  be  a  strong  distinction  drawn  between  ancient  luff  and 
ancient  eruptive,  and  between  modern  tuff  and  modem  erup- 
tive rocks  proper. 

Dr.  Beyrich  agreed  with  his  Excellency,  Dr.  von  Dechen,  on 
this  point. 

M.  Blaiiford  said  it  should  be  taken  into  consideration  that 
in  parts  of  England,  in  the  Hebrides,  in  parts  of  America  and 
elsewhere,  there  were  eruptive  rocks,  and  lavas  which  resembled 
stratified  rocks  very  closely.  Hq  objected  to  the  petrographic 
division  of  the  eruptive  rocks,  while  the  sedimentary  rock^  are 
divided  chronologically;  the  more  so,  as  many  of  the  eruptive 
rocks,  like  those  he  has  instanced,  strongly  resemble  the  strati- 
fied rocks. 

The  whole  matter  was  finally  left  to  the  committee  on  the 
chart. 

V 

The  president  pro  tem.  then  passed  to  the  second  order  of 

business,  and  gave  the  floor  to  Dr.  Neumayr,  who  read  the 
report  upon  the  |)roposed  plan  for  the  preparation  of  hisNoraen- 
clator  Paleontologicus. 

5th  Session,  Oct.  3d,  10  a.m. 

At  the  morning  session  several  scientific  papers  were  read. 
Among  them  was  a  report  upon  the  system  of  coloration  in 
use  in  the  Uniied  States  Geological  survey.  Mr.  McGee,  who 
had  prepared  this  report,  did  not  arrive  till  late  in  the  prog- 
ress of  tlie  Congress.  The  paper  was  presented  to  the  council 
in  English,  but  the  rule  requiring  all  the  communications 
to  the  Congress  to  be  presented  in  French,  necessitated  the 
preparation  of  an  abstract  in  that  language.  This  abstract, 
at  the  request  of  Mr.  McGee,  was  presented  to  the  Congress 
bv  Dr.  Frazer,  to<iether  with  prefatory  and  explanatory  obser- 
vations by  iiimself  regarding  the  map;  exhibiting  the  principal 
features  of  the  system  which  was  displayed. 

At  2.30  P.  M.  the  sixth  and  closing  session  of  the  Congress 
was  called  to  order.  The  journal  of  the  last  sitting  was  read  and 
approved.     M.  Ilauchecorne  made  several  amendments. 

Three  sheets  of  the  map  of  Galieia  were  presented,  with  a 
letter  from  their  author.  Professor  Szajnoeha.  A  letter  was 
received  from  M.  Abich,  stating  that  he  had  returned  to  St 
Petersburg  and  had  resumed  his  labors. 

M.  Capellini  (pres.  pro  tem.)  called  attention  to  the  Nomencla- 
tor  Paleontologicus,  of  which  M.  Neumayr  had  given  descrip- 
tion yesterday,  and  recommended  that  it  be  published  under  the 
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auspices  of  the  Congress  and  under  the  editorial  direction  of  a 
committee,  consisting  of  Messrs.  Gaudry,  Neumajr,  Zittel 
and  Etheridge,  with  power  to  add  to  their  number.     (Carried.) 

M.  Vilanova  then  mounted  the  tribune  and  asked  assist- 
ance for  his  polyglot  dictionary  of  geology,  a  Spanish -French 
specimen  of  which  he  exhibited. 

The  committee  on  the  formation  of  an  international  geological 
society,  and  of  an  international  geological  journal  reported, 
and  a  letter  was  read  from  M.  Gregorio  of  the  committee  fa- 
voring the  plan ;  whereupon  the  president  pro  tem.,  M.  Capel- 
lini,  stated  that  upon  consideration  of  the  report  and  the  facts, 
tbe  council  had  decided  against  the  advisibility  of  both  plans. 

Baron  Levi  asked  an  explanation.  M.  Capellini  stated  that 
no  reports  could  be  made  to  the  Congress,  unless  previously 
recommended  by  the  council,  and  explained  that  it  was  not 
intended  to  slight  the  proposition  of  his  countryman,  whose 
acts  and  motives  were  warmly  approved  and  appreciated,  hut 
simply  to  adjourn  the  question  till  the  meeting  of  the  next 
3origress.  Upon  this  a  vote  was  taken  upon  the  action  recom- 
mended by  the  council,  viz:  favoring  the  scheme  of  an  inter- 
national geological  journal,  provided  it  were  supported  by  joint 
private  enterprise,  which  was  approved.  The  president  pro 
tem.  then  announced  that  the  second  part  of  the  programme 
•would  be  proceeded  with  and  gave  the  floor  to  M.  Nikitin,  who 
explained  the  work  he  had  done  on  the  portion  of  work  in  Rus- 
sia committed  to  his  care,  viz :  Central  and  South  East  Russia, 
including  the  basin  of  the  Volga. 

On  the  conclusion  of  M.  Nikitin's  remarks,  M.  Vassfur  took 
ihe  floor  and  exhibited  thirteen  sheets  of  the  geological  map 
of  France,  prepared  according  to  the  principles  adopted  at 
Bologna.  M.  Uauchecorne,  the  general  secretary,  stated  that 
it  was  a  pity  that  the  legend  of  the  Russian  maps  should  be 
printed  in  characters  which  people  of  other  nationalities  could 
not  understand,  and  he  asked  that  a  copy  of  each  map  should 
be  furnished  with  the  names  in  French  characters.  M.  Nik- 
itin replied  that  every  sheet  that  he  had  exhibited  contained 
the  names  of  all  the  important  places  and  all  the  rivers  and 
streams  in  French  characters,  and  demonstrated  that  this  was 
the  case. 

M.  Posepny  read  a  treatise  on  the  fluid  condition  of  the  inte- 
rior of  the  earth.  M.  Ochsenius  presented  his  views  on  the  ori- 
gin of  salt  deposits  and  gave  diagrams  and  explanations,  claim- 
ing analogies  between  certain  chemical  and  physical  conditions 
in  the  Caspian  and  the  German  oceans  and  the  results  of  ex- 
plorations to  be  seen  in  the  mines  at  Stasslurt  and  elsewhere. 
•  M.  Capellini  (president  pro  tem.)  then  announced  that  the 
hour  had  come  to  draw  the  session  to  a  close. 
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It  was  time  for  the  Congress  to  determine  the  place  of  meet- 
ing of  the  4th  Congress  of  1888.  The  council  had  to  propose 
that  the  next  meeting  be  held  in  the  year  1888,  between  the 
fifteenth  dny  of  August  and  the  fifteenth  day  of  September; 
that  London  be  the  place  of  meeting  and  that  Messrs.  Geikie, 
Blanford,  Ilnghes,  and  Topley  be  the  committee  to  prepare  for 
the  proper  reception  of  this  Congress.  Professor  Hughes  thought 
it  had  been  very  a|)propriate  to  cede  to  Germany  ihe  place  of 
meeting  of  the  present  Congress,  and  its  success  had  justified 
his  opinion,  lie  repeated  his  statement  made  to  the  council, 
that  he  had  a  petition  signed  by  one  hundred  and  thirty-seven 
English  geologists  requesting  the  Congress  to  meet  in  London. 
This  petition  included  the  names  of  the  Duke  of  Argyle,  the 
Earl  of  Enniskillen,  and  some  of  the  most  eminent  geologists 
of  England ;  and  he  hoped  that  England  would  be  chosen  as  the 
next  place  of  meeting. 

M.  Geikie  expressed  the  same  views  and  said  that  English 
geologists  follow  the  action  of  this  Congress  with  the  greatest 
interest,  and  would  unite  in  giving  it  a  warm  reception. 

The  recommendation  of  the  council  was  approved. 

The  acting  president,  M.  Capellini,  yielded  the  chair  to  the 
president,  Dr.  Beyrich.  M.  Capellini  then  took  the  floor  and 
said  :  "Before  parting,  thanks  were  due  to  certain  august  per- 
sonages and  societies  and  individuals,  naming  His  Majesty,  the 
Emperor  of  Germany  ;  the  Prussian  Government,  and  especially 
the  Minister  of  Public  Works,  and  the  Cultus  Minister  who 
opened  the  Congress  with  an  able  address,  the  Academy  of 
Mines,  his  Excellency  Dr.  von  Dechen,  Dr.  Beyrich,  and  Dr. 
Hauchecbrne."     (Applause). 

Dr.  Beyrich  observed  that  in  the  last  words  he  had  to  ad- 
dress  to  the  Congress,  he  begged  to  be  permitted  to  speak  in 
the  language  in  which  he  thought.  He  thanked  the  Congress 
for  its  kind  assistance  and  support,  and  introduced  his  Excel- 
lency, Dr.  von  Dechen. 

'  The  honorary  president  remembered  well  the  first  scientific 
Congress  held  in  Berlin  in  1858,  under  the  auspices  of  the 
Baron  Alexander  von  Humboldt.  Berlin  was  then  a  small  town 
but  had  thrown  enormously  since.  He  concluded  by  hoping 
that  all  the  members  would  return  to  their  homes  with  an 
agreeal'le  souvenir  of  their  sojourn  in  Berlin. 

Dr.  Uauchecorne,  the  general  secretary,  spoke  of  the  eminent 
service  of  M.  Ca|)ellini,  and  concluded  with  the  hope  that  the 
friend}*hips  made  here  would  endure  and  be  the  more  closely 
knit  at  the  luture  session  to  be  held  in  London. 

M  do  Lapparent  mounted  the  tribune  and  expressed,  on  behalf 
of  the  members  of  i lie  Congress,  their  sense  of  obligation  to  the 
German  committee  of  arrangements.     Geological  questions,  he 
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said,  were  of  a  kind  to  be  settled  on  the  spot,  and  geological 
brethren  mutually  dug  in  the  earth  and  divided  the  debris  in  a 
christian  spirit.  While  here  in  Berlin,  our  intellects,  our 
artistic  tastes,  and  our  capacities  for  pleasure  have  all  been 
considered.  Honor  to  the  noble  science  of  geology,  which  can 
induce  intelligent  men  such  as  our  hosts,  to  provide  for  the 
dead  fossils  from  the  earth's  crust  mansions  as  superb  as  the 
residences  of  kings.     (Applause.) 

The  Congress  was  thereupon  declared  adjourned. 


Art.  LVIII. — Bright  Lines  in  Stellar  Spectra;    by  (.).   T. 

Sherman. 

Up  to  date,  as  far  as  my  knowledge  goes,  bright  lines  have 
been  admitted  to  form  part  of  the  spectra  of  but  six  stars,  fi 
Lyrae,  y  Cassiopeiie,  and  four  small  stars  in  Cygnus.  The 
claims  of  four  others  in  Orion  have  been  advanced  and  denied. 

In  the  recent  volumes  of  the  Nachrichten,  Konkoly  and 
Gothard  have  called  attention  to  the  first  and  second  of  the 
stars  enumerated  above.  The  result  of  the  former  work  may 
be  summed  up  in  the  identification  of  the  bright  lines  D„  Ha, 
H/?,  Hy,  Hri,  of  the  dark  lines  b,  D,  and  a  broad  band  in  the 
violet,  and  the  recognition  of  a  seven  day  period  for  the 
variation  of  the  spectrum  of  ^  Lyrae.*  Konkoly  also  says  :f 
"Ich  glaube  auch  noch  manchmal  im  Griin  und  Blau  einige 
sehr  zarte  Linien  gesehen  zu  haben,  was  aber  auch  eine  durch 
das  Flattern  des  Spectrums  verursachte  Tauschung  sein  kann." 
With  a  view  to  following  these  stars  and  learning  whatever 
a  conscientious  study  of  their  spectra  might  show,  the  equa- 
torial (8  in.)  of  the  Yale  College  Observatory  was  devoted 
thereto. 

The  spectroscope  employed  is  a  direct  vision  by  Duboscq ; 
the  distance  from  the  slit  to  the  collimating  lens  being  about 
14'8^.  The  train  is  broken  into  two  series  of  three  prisms 
each.  Using  the  single  series  the  Hues  b,  and  b^  are  barely 
separated.  Using  the  double  series  the  nickel  line  between  D^ 
and  D,  is  seen,  and  b,  is  separated  from  b^  by  about  the  width 
of  the  latter.  The  power  of  the  eyepiece  of  the  observing 
telescope  is  about  130.  A  cylindrical  lens  behind  the  eye- 
piece is  usually  employed.  Previous  to  each  night's  work  the 
instrument  was  adjusted  upon  the  sun  ;  a  solar  spot,  when  pos- 
sible, being  brought  sharply  in  locus  upon  the  jaws  of  the  slit. 
For  stellar  observation  the  slit  was  opened  wide,  5°"°  or  more. 

♦  Astronomische  Nachrichten,  2539,  2548,  2651,  2581. 
t  Astron.  Nachr.,  2548,  p.  62. 
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When  the  series  of  observations  was  first  commenced  there 
were  recognized  in  the  spectra  but  a  few  bright  lines,  so  situ- 
ated  as  to  be  probably  the  hydrogen  lines,  D„  and  in  addition 
1474(K)  and  1250(K).  As  the  observer  became  accustomed 
to  the  spectrum  of  jSLyrse  it  became  apparent  that  there  were 
also  other  bright  lines.  With  the  single  series  of  prisms  ten 
such  were  counted. 

Eecalling  now  the  course  of  reasoning  which  led  to  the  day- 
light observation  of  the  solar  prominence,  and  also  that  many 
more  bright  lines  than  those  already  recognized  were  seen  in 
the  spectrum  of  the  solar  atmosphere,  I  emploj^ed  the  highest 
dispersion  obtainable.  The  number  of  bright  lines  was  in- 
creased  to  seventeen.  It  seems  extremely  probable  that  an 
increased  dispersion  will  bring  out  many  more.  Arrange- 
ments for  so  improving  the  apparatus  are  in  progress.  The 
story  for  y  Cassiopeias  is  similar. 

The  instrument  has  been  turned  upon  numerous  other 
stars  and  in  each  case  many  or  few  bright  lines  have  been 
seen,  lines,  so  far  as  I  know,  formerly  unsuspected.  The 
careful  description  awaits  the  completed  apparatus.  At 
present  it  would  seem  that  the  lines  are  most  easily  seen  in 
the  red  stars.  This  may  be  a  mistake.  The  word  lines  is 
here  used  only  by  analogy  to  signify  bright  stellar  images. 
At  the  red  end  under  a  sharp  focus  they  stand  out  ihe  lull 
breadth  of  the  spectrum,  bearing  somewhat  the  same  relation  to 
the  background  as  the  prominence  to  the  solar  spectrum.  In 
the  brighter  portion  of  the  spectrum  they  are  cut  down  to  fine 
star  points.  At  the  blue  end  they  become  more  distinct  but 
not  so  sharp  as  at  the  red.  At  tifnes  ihey  shine  with  almost 
a  metallic  brilliancy;  at  other  times  they  are  faint,  faded,  and 
easily  passed  over.  Certain  sets  appear  to  be  prominent  at 
times,  others  at  other  times. 

The  difficulties  of  the  observation,  and  the  roughness  of  the 
recording  apparatus  have  hindered  a  completely  satisfactory 
identification  of  the  lines.  Assuming  the  position  of  the  hydro- 
gen lines  and  of  D,,  and  on  their  basis  drawing  the  curve  con- 
necting scale  reading  and  wave  length,  the  mean  of  nine  ob- 
servations upon  Y  Cassiopeise  affords  the  following  approximate 
wave  lengths.     The  positions  of  the  dark  lines  are  underlined. 

Ha,  C85G,62S,   610,   D„   584  0?^,  555-75,  542-2,  530-98, 

516-75,  502,  499-0,  492^  H^,  467-35,  462-3,  Ry  418  ?  HcJ,  399-3. 

It  is  ol  interest  to  compare  these  with  the  following  wave 
lengths  taken  from  Prof.  Young's  catalogue  of  lines  observed 
at  Sherman  :* 

Ha,  634-6,  614  06  D„  585-27,  553  4,  544-59,  531*59,  516-i 
and  516-67,  501*76,  H3,  457,  H>,  421*5,  H<5. 

♦  This  Journal  Nov.,  1872. 
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While  the  identification  is  not  complete  the  number  of  the 
approximate  coincidences  renders  it  extremely  probable  that 
the  lines  observed  are  those  of  the  solar  atmosphere. 

To  quote  the  pioneer  of  American  spectroscopic  observa- 
tions, it  would  seem  that  there  are  many  stars  in  the  same  con- 
dition as  the  sun,  but  with  the  corona  more  pronounced. 

Yale  College  Observatory,  November.  1885. 


Art.  LIX.  —  Note  on   the   Optical    Properties   of  Rock-salt; 

by  S.  P.  Langley. 

Since  the  first  experiments  of  Melloni  the  optical  proper- 
ties of  rock-salt  have  received  comparatively  little  attention, 
although  this  substance  is  every  day  coming  more  into  use,  as 
the  importance  of  the  study  of  radiant  heat  is  recognized.  It 
was  asserted  by  Melloni  that  rock-salt  is  almost  perfectly  dia- 
thermanous  to  all  kinds  of  heat  radiations,  and  that  it  trans- 
mits a  little  over  92  per  cent,  of  the  incident  heat  of  whatever 
kind.  This  statement  was  disputed  by  Provostaye  and  Desains,* 
who  maintained  that  there  was  considerable  difference  in  its 
absorptive  action  toward  heat  radiated  from  sources  differing 
widely  in  character;  still,  even  admitting  the  claims  of  these 
physicists,  the  great  difference  between  the  action  of  this  sub- 
stance and  others,  such  as  glass,  is  very  striking,  and  we  are 
dependent  chiefly  on  it  for  our  analysis  of  the  action  of  obscure 
heat 

In  certain  researches  which  have  been  made  of  late  at  the 
Allegheny  Observatory  on  the  distribution  of  heat  in  the  spec- 
trum of  the  moon,  and  of  terrestrial  sources  of  radiation  at 
very  low  temperatures,  the  use  of  an  exceptionally  perfect  rock- 
salt  train  has  been  sought  in  order  that  heat  deviations  mea.s- 
ured  ,with  a  precision  comparable  with  that  of  optical  work 
might  be  secured,  at  the  same  time  that  the  extremely  feeble 
radiations  at  command  should  suffer  the  least  possible  amount 
of  absorption  in  the  apparatus.  After  long  searching,  blocks  of 
rock-sait  were  finally  obtained  through  the  great  kindness  of 
Professor  C.  S.  Hastings,  of  Yale  College,  from  which  two  60° 
prisms  were  cut  of  about  64  millimeters  on  a  side,  and  lenses 
of  nearly  75"™  aperture.  The  most  perfect  prisms  the  writer 
could  obtain  in  Europe,  did  not  distinctly  show  a  single  Fraun- 
hofer  line,  and  he  was  assured  by  opticians  there  that  no  rock- 
salt  prism  ever  did  or  could  do  more.  He  is  happy  to  say  that 
the -skill  of  our  American  opticians  has  produced  what  was  pro- 
nounced impossible, — a  rock-salt  prism  which  shows  the  Fraun- 
hofer  lines  with  all  the  sharpness  of  flint  glass.     Such  prisms 

*  Comptes  Rendus  de  TAcad^mie  des  Sciences,  zxxvi,  p.  84. 
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have  been  made  for  us  by  Messrs.  Alvan  Clark  &  Sons,  of 
Cambridge,  and  Mr.  J.  A.  Brashear,  of  Pittsburgh,  who  has 
worked  that  here  described  and  which  shows  the  nickel  lin^ 
between  the  D's. 

For  the  reduction  and  arrangement  of  these  observations  ^ 
more  complete  knowledge  of  the  properties  of  rock-salt  tha.x: 
had  hitherto  been  obtained  was  essential,  particularly  as  regarci^  < 
its  indices  of  refraction  for  rays  of  determinate  wave-leugtV^ 
and  its  diathermancy  for  dark  heat  rays  of  different  degrees  ^^^ 
refrangibility. 

Advantage  has  been  taken  of  the  use  of  the  train  abo>^^ 
mentioned  to  determine,  not  only  the  indices,  which  will  prt;^^. 
ently  be  giveli,  but  also  the  the  apparent  transmission  of  roe  J^-. 
salt  plates  in  diflereut  parts  of  the  spectrum,  but  the  latter  ^zxrt 
of  the  work  is  not  represented  here.    We  shall  only  observe  tlja^ 
we  have  had  occasion  to  form  '*  heat  "-spectra  from  radiating 
sources  below  the  temperature  of  melting  ice,  and  that  wh/ie 
most  ofthe  rays,  even  from  these  sources,  passed  freely  through 
the  prism  ;  with  the  smallest  deviations  corresponding  to  wave 
lengths,  probably  exceeding  100,000   of  Angstrom's  scale,  a 
slight  absorption  began  to  be  noticed.    We  hope  to  shortly  give 
more  full  determinations  of  this,  in  connection  with  a  statement 
of  the  deviations  and  wave-lengths  of  heat  from  sources  at  all 
degrees  between  the  temperature  of  melting  platinum  and  that 
of  melting  ice,  with  which  it  will  appear  in  a  more  proper  con- 
nection. 

Although  in  working  with  such  heat  radiations  even  as  those 
forming  a  part  of  the  solar  infra- red  spectrum,  more  error  is  to 
be  expected  than  in  the  optical  observations,  these  errors  are, 
with  our  present  apparatus,  of  an  order  not  wholly  incompar- 
able with  the  optical  ones. 

It  is  however  to  be  understood  that  the  best  heat  spectrum 
work  can  only  be  accomplished  with  brightly  polished  rock-salt. 
The  surfaces  of  the  rock-salt  prism  and  lenses  undergo  a  deteri- 
oration when  exposed  to  the  air,  which  is  more  or  less  rapid  ac- 
cording to  the  greater  or  smaller  relative  humidity  of  the  atmos- 
phere at  the  time.     In  ordinary  dry  weather  they  may  be  used 
several  times  before  they  become  spoiled,  while  in  damp  or  rainy 
weather,  three  or  four  seconds  is  a  sufficiently  long  time  to  cover 
them  with  condensed  moisture,  and  work  under  these  circum- 
stances is  of  course  impossible.     After  the  surfaces  have  in  this 
way  become  unfit  for  use  they  are  repolished,  and  the  refracting 
angle  of  the  prism  is  thereby  unavcfldably  altered.     The  change 
is  usually  small,  generally  not  exceeding  1',  so  that  for  most  of 
our  heat  measures  it  may  be  neglected  altogether.     The  changes 
have  however  tended  on  the  whole  tO  jarilifle.Uia  refracting 
angle,  so  that  it  is  now  about  4'  sina^|NMHHtt|^^     priam 
was  first  used.  ai^^^^^^^^Bl^ 
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0  make  all  observations  strictly  comparable,  they  are  re- 
5d  to  one  value  of  the  refracting  angle,  for  which  the  devia- 
3  of  the  Fraunhofer  lines  and  the  wave-lengths  correa- 
ding  to  given  deviations  in  ihe  infra-red,  huve  been  deter- 
ed  with  the  greatest  possible  accuracy.  This  standard  value 
he  refracting  an«le  is  59°  57'  54^  A  series  of  observations 
ixing  the  positions  of  the  Fraunhofer  lines  was  made  by 
J.  E.  Keeler  of  this  observatory,  on  September  14th,  18S5. 
arm  of  the  spectrometer,  which  was  firmly  clamped,  carried 
lass  collimating  lens  of  25  feet  focus,  and  the  other  an 
omatic  observing  telescope  of  nearly  four  feet  focus,  with 
ycrometer  eyepiece.  The  double  deviations  of  the  C,  D„  b„ 
F  lines  were  observed,  and  also  ihe  differences  of  deviation 
reen  these  and  the  other  lines  whose  positions  were  deter- 
tfd.  For  observing  the  M  and  N  lines  a  Soret  fluorescent 
)iece  was  used,  and  in  the  infrared  a  bolometer,  having  a 
le  strip  ^  millimeter  in  width.  In  the  two  last  cases  the 
11  was  automatically  kept  in  the  position  for  minimum  de- 
on.  The  spectrometer  circle  reads  by  two  opposite  ver* 
5  to  V)'\  but  on  account  of  the  construction  of  the  instru- 
t,  (for  whose  principal  purpose  arms  whose  length  is  inoon- 
n*t  with  absolute  rigidity  had  to  be  used)  care  is  necessary 
Ccisure  an  angle  with  this  degree  of  precision,  as  the  arms 
iable  to  spring  slightly  on  the  application  of  lateral  pres- 
.  The  deviations  given  in  our  table  were  obtained  by  Mr. 
I er  by  setting  O'l  the  line,  with  the  micrometer  eyepiece, 
•  the  telescope  had  been  directed  upon  it  and  freed  from 
n  by  a  light  tap,  and  applying  the  micrometer  correction 
le  circle  reading.  It  was  found  by  careful  comparison  of 
jolar  spectrum  given  by  the  rock-salt  prism  with  that  by  a 
prism  of  flint  glass,  that  in  spite  of  the  greater  dispersion 
le  latter,  no  lines  could  be  seen  in  its  spectrum  which  the 
-salt  prism  would  not  also  show.  The  probable  error  of 
setting  of  the  micrometer  was  less  than  V\  From  the 
ement  of  the  different  measurements  made  in  this  way,  it 
lieved  that  the  deviations  throughout  the  visible  spectrum 
jorrect  to  within  5".  Those  in  the  ultra-violet  and  infra- 
can  not  of  course  pretend  to  this  degree  of  accuracy.  The 
iions  of  par  (invisible)  given  by  two  independent  series 
the  bolometer  differed  by  30";  those  of  if  (invisible)  by  1', 
B  of  ^  (invisible)  by  30"  and  those  of  Q  (invisible)  agreed 
;tly. 

^e  have  thus  obtained  incidentally  the  data  for  constructing 
)le  of  refractive  indices  of  rock-salt  throughout  the  entire 
eaf  the  solar  spectrum,  with  an  accuracy  which  we  believe 
SigiWter  than  has  heretofore  been  attained,  and  which  we 
**ioient  interest  to  give  in  full  below,   for  the  coa- 


i 


480      S.  P.  La/ngley — Optioal  Properties  of  Hock-salL 

venience  of  others  having  occasion  to  work  with  this  material 
and  for  testing  theories  of  dispersion. 

Eefracting  Angle  of  Prism =59°  57'  54". 


Line. 

Wave-length. 

Deviation. 

xl 

Refractive  Index 

M 

0-3727 

43°  50'  57' 

1-21 

1-57486 

L 

0-3820 

43  35  27 

1.20 

1-57207 

H, 

0-3933 

43  19  32 

1-19 

1-56920 

H, 

.  0-3968 

43  14  44 

119 

1-56833 

G 

0-4303 

42  36  7 

1-16 

1-56133 

F 

0-4861 

41  51  47 

1-13 

1-55323 

b. 

0-5167 

41  33  43 

1-12 

1-54991 

b, 

0-5183 

41  32  52 

1-12 

1-54975 

D, 

0-5789 

41     2  41 

1-10 

1-54418 

D, 

0-5895. 

41     2  29 

1-10 

1-54414 

C 

0-6562 

40  42  56 

1-09 

1-54051 

B 

0-6867 

40  35  49 

1-09 

1-53919 

A 

0-7001 

40  22  25 

1-08 

1  -53670 

piTT 

0-94 

40     1  26 

1-07 

1-5328 

9 

113 

39  49  11 

1-06 

1  -5305 

V' 

1.39 

39  39  56 

I  05 

1-5287 

il 

1-82 

39  29  21 

105 

1-5268 

Temperature  =  24°  C.     Barometer  TSl-l""*. 

The  wave  lengths  of  the  M  and  L  lines  nre  from  Corno, 
those  of  the  lines  between  II  and  A  inclusive,  from  Angstrom, 
and  those  of  the  infra-red  bands  from  the  Allegheny  observa- 
tions. The  column  headed  J  was  prepared  at  the  suggestion 
of  Mr.  Keeler,  and  is  for  the  purp«)se  of  facilitating  the  re- 
duction of  observations  made  with  a  different  prism  angle  from 
that  for  which  the  table  is  computed,  and  for  which  our  wave- 
length curves  are  drawn.  If  we  differentiate  the  ordinary 
formula  for  a  prism 

sin  iA 
with  respect  to  A,  which  we  now  regard  as  a  variable,  we  have 

dd        n  cos  ^A         ,       . 

(/A     cos  ^(A  +  f/) 
or  dd=dd  A. 

The  values  of  J  for  the  different  lines  of  the  spectrum  ar 
readily  computed  from  the  table  of  deviations  and  refractiv 
indices.  To  find,  then,  the  deviation  of  a  line  after  a»iy  rt 
polishing  of  the  prism,  we  have  merely  to  multiply  the  chan^ 
of  the  angle  by  the  approximate  value  of  J  taken  from  tl 
table,  and  we  obtain  the  change  in  the  deviation  of  the  lin 
and  hence  also  the  deviation  required.  Thus,  if  the  new  ang 
is  found  on  measurement  to  be  59°  57'  4-i",  dA=— 10",  at 
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Jeviation  of  the  F  line,  (say),  will  have  been  changed  bv 
>"Xl-13=  -  11-3^  That  is,  the  deviation  of  the  F  line 
)w  41°  51'  36''.  The  reducti6n  from  the  new  to  the  stand- 
angle  is  of  course  the  reverse  of  this,  arid  that  the  use  of 
table  saves  much  labor  in  redetermining  the  constants  of 
prism  will  be  understood  when  it  is  added  that  ours  has 
I  entirely  refigured  and  repolished  by  the  maker  as  many 
jn  times  during  the  present  year. 


SCIENTIFIC     INTELLIGENCE. 

I.    Chemistry  and  Physics. 

On  the  Reaction  of  Barium  sulphate  on  Sodium  carbonatey 
?r  pressure.— Si?RiyG  has  succeeded  in  effecting  by  means  of 
sure  alone,  a  reaction  between  barium  sulphate  and  sodium 
lonate.  An  intimate  mixture  was  made  of  one  part  of  pure 
ipitated  barium  sulphate,  thoroughly  dried,  with  three  parts  of 
!  and  dry  sodium  carbonate.  About  a  gram  of  the  mixture 
submitted  to  the  compression,  the  cylinder  produced  pulver- 
and  extracted  with  water ;  and  the  insoluble  residue  analyzed 
etermine  the  amount  of  barium  carbonate  produced.  After 
pressing  the  mixture  under  a  pressure  of  6,000  atmospheres  for 
?^  instants  only,  nearly  one  per  cent  of  the  barium  sulphate 
been  transformed  into  carbonate.  The  uncompressed  mix- 
gave  only  traces  of  barium  carbonate.  The  cylinder  from 
irst  compression  was  pulverized  and  compressed  anew.  After 
successive  compressions  the  amount  of  carbonate  produced 
to  4*78  percent,  and  after  six  to  8*99  per  cent,  thus  showing 

clearly  the  value  of  renewing  the  surfaces  of  contact.  If 
3  cylinders  after  pressure  be  left  to  themselves  for  some  time, 
chemical  action  continues  up  to  a  period  of  fourteen  days  ; 
quantity  of  barium  carbonate,  produced  in  the  cylinder  sub- 
id  to  six  compressions,  rising  during  this  time  to  10*89  per 

thus  throwing  some  light  on  the  interesting  question  of 
sion  in  solids.  Again,  if  these  cylinders,  after  compression, 
ivided  in  halves  and  one  half  heated  for  three  hours  to  120°, 
found  on  analyzing  these  two  halves  that  the  barium  carbo- 
fornied  has  actually  diminished  during  the  heating;  the  per- 
ige  fill  ling  between  one  and  two  per  cent.  The  author 
OSes  now  to  study  the  reaction  of  sodium  sulphate  and  barium 
3nate  under  the  same  conditions. — Btdl.  Soc.  Ch.^  II,  xliv, 
Sept.,  1885.  G.  F.  B. 

On  Sulphocyayiuric  acid. — The  ready  conversion  of  cyanic 
jyanuric  ether,  led  Hofmann  to  attempt  a  similar  transforma- 
with  sulphocyanic  ether.  And  successfully,  for  on  heating 
yl  sulphocyanate  to  180°- 185°  for  several  hours  it  was  con- 
jd  into  methyl    sulphocyanurate,   proved  to  be  the  normal 
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not  the  iso-acid.  On  attempting  to  repeat  this  process  sabse- 
quently  with  carefully  purified  materials,  no  trace  of  the  poly, 
nieric  body  could  be  found.  '  The  result  was,  however,  readiljr 
effected,  after  a  few  drops  of  sulphuric  or  hydrochloric  acid  were 
added  to  the  liquid  before  digestion.  The  ether  is  obtained  in 
beautiful  crystals  which  may  be  heated  to  180®  with  water  with- 
out  change;  though  in  presen(;e  of  concentrated  hydrogen  chloride 
it  splits  at  100°  into  methyl  niercaptan  and  cyanuric  acid.  Similar 
ethyl  and  amyl  compounds  were  obtained.  To  obtain  thesulplio. 
cyanuric  acid,  the  methyl  ether  was  mixed  with  sodium  sulphide 
and  heated  in  closed  tubes  to  a  temperature  of  250°  for  three  or 
four  hours.  The  solution,  after  filtration,  w^as  treated  with  hydro- 
gen  chloride  in  excess,  wliereby  the  sulphocyaimric  acid  was  pre- 
cipitated as  a  yellow  granular  powder.  It  may  be  obtaiued 
pure  by  conversion  into  the  sodium  salt  and  reprecipitation.  It 
IS  scarcely  soluble  in  water,  even  boiling,  and  is  also  insoluble  la 
alcohol,  ether,  ben'zene  and  nitrobenzene.  It  has  the  fonnulu 
{NHIC — SH),.  The  sodium,  barium,  silver,  lead,  copper,  jwtas- 
sium,  lithium,  calcium,  magnesium  and  other  salts  are  described 
insoluble. — Ber.BerL  Chem,  ^e«.,xviii,  2106,  Sept.,  J  886.   g.  f.  a 

3.  On  the  Si/nthesis  of  Cocaine. — Some  months  ago  Merck. 
announced  the  ])roductiou  of  a  derivative  of  cocaine,  benzoyl- 
ecgonine.  He  has  now  succeeded  in  re-introducing  the  methyl 
group  into  this  derivative  and  in  reproducing  cocaine.  For  this 
purpose  the  benzoyl-ecgonine  was  heated  with  the  theoretical  quan- 
tity of  methyl  iodide  and  potassium  hydrate  in  methyl  alcohol, 
in  sealed  tubes  to  100°.  The  product  obtained  was  ideutieal 
with  the  natural  cocaine  in  all  its  physical  and  chemical  proper- 
ties.— Ber.  Berl.  Chem,  Ges,^  xviii,  2264,  Sept.,  1885.      G.  F.  a 

4.  On  Hydrogen  Persulphide. — Sab.vtjkr   has  examined  with 
care  the  substance  known  as  hydrogen  persulphide  with  a  view  to 
fixing  definitely  its  composition.    As  ordinarily  obtained  it  is  a  red- 
dish-yellow oily  liquid,  varying  in  composition  from  II,S,  to  I1,S„. 
This  uncertainty  of  composition  is  due  to  the  free  sulphur  dis- 
solved in  the  persulphi<ie,  the  liquid  saturated   at  18°  having  the 
composition  FI,S,„.     It  contains  also  H^S  dissolved,  from  which  it 
may  easily  be  Ireed  by  placing  it  in  vacuo.     The  persulphide  was 
prepared  by  'fhenard's  method  by  allowing  a  fine  stream  of  cal- 
cium polysul[)hide  to  flow  into  concentrated  hydrogen  chloride, 
both  cooled   to   10°.     The  yellowish  liquid,  well  dried,  was  then 
distilled  in  vacuo,  and  afforded  a  clear  brilliant,  very  limpid,  mo- 
bile yellow  liquid,  having   an  extremidy  irritating  odor.     While 
retained  in  the  bulbs  which  acted  as  the  receivers,  it  was  perma- 
nent; but  it   decomposed   on    decantation.     On    analysis,   three 
samples  gave  as  the  sulj)hur  in  excess  of  H,S  57*9,  59*2  and  o8'9 
per  cent ;  or  58*7   as  a  mean.     This   corresponds  nearly   to  the 
formula  II^S^,  which  requires  t58'5  per  cent.     From  these   results 
the  author  concludes  that  the  true  formula  of  hydrogen  persul- 
phide is  1I,S,  analogous  to  11,0, ;  the  excess  of  sulphvr  being  due 
to  a  partial   decomposition  in  the  process  of  distillation,  the  sul- 
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lur  vapor  being  carried  over  with  that  of  the  persulphide. — BuL 
w.  (7A.,  II,  xliv,  169,  Sept.,  1886.  g.  p.  b. 

5.  On  the  Valence  of  Phosphorus, — Tlie  valence  of  the  ele- 
eut  phosphorus  has  long  been  an  open  question.  On  the  one 
iethe  compound  PCl^  has  been  regarded  as  proof  of  its  pentad 
laracter;  while  on  the  other,  this  pentachloride  has  been  consid- 
ed  a  molecular  compound  consisting  of  a  molecule  of  the  ter- 
iloride  united  to  a  molecule  of  chlorine,  PCI, .  CI,.  Even  the 
ychloride  POCl,,  may  be  written  either  0=P=C1  or  Cl,= 
-O— CI  to  accommodate  the  former  or  the  latter  view.  Mi- 
A£Lis  and  La  Costb  have  now  thrown  some  light  upon  this 
estion  ;  and  this  for  the  first  time  from  the  purely  chemical  side. 
1882  the  former  of  these  chemists,  in  connection  with  Gleich- 
nn,  discovered  a  body  of  the  composition  PO(C,HJ,  which  Ife 
led  triphenyl-phosphine  oxide.  It  was  prepared  by  warming 
hydrate,  which  itself  was  obtained  either  by  the  action  of 
ium  hydrate  upon  triphenyl-phosphine  dibrormide,  or  by  acting 
h  potassium  chlorate  and  hydrogen  chloride  upon  triphenyl- 
^spliine ;  processes  analogous  to  those  by  which  phosphorus 
•-chloride  is  formed  either  from  the  pentachloride  or  the  tri- 
oride.  The  substance  is  a  solid  body,  of  specific  gravity  1*2124 
2  2*6°,  having  a  vapor  density  of  9'9.  The  authors  have  now 
ceeded  in  preparing  another  body  having  the  empirical  for- 
la  (C,HJ,PO,  by  the  action  of  phenol  upon  diphenyl  phospho- 
L8  cnloride.  This  therefore  must  have  the  constitution  (C,HJ, 
►  ^C,HJ.  Hence  if  phosphorus  is  trivalent  and  its  oxyohloride 
C1,=P— O—Cl,  this  compound  must  be  identical  with  tri- 
enyl-phosphine  oxide  above  despribed.  But  these  bodies,  whose 
lecular  magnitudes  are  both  expressed  by  the  formula  C,gH,^ 
>,  are  radically  different  in  physical  as  in  chemical  properties, 
iphenyl-phosphine  oxide  as  already  stated,  is  a  solid  body  fus- 
l  at  153'5,  and  completely  indifferent  to  bromine,  oxygen, 
phur,  selenium,  benzyl  chloride  and  methyl  iodide;  while  the 
meric  phenoxyl-diphenyl-phosphine  is  a  thick  oily  liquid,  which 
idily  combines  not  only  with  the  elements  above  mentioned, 
fc  with  the  alkyl-halogens  to  form  cry  stall  izable  addition  pro- 
3ts ;  a  property  characteristic  of  the  compounds  of  trivalent 
3sphorus.  ,The  constitution  of  this  phenoxyl-diphenyl-phosphine 
refore  can  be  expressed  in  a  formula  only  by  considering  it  as 
ierivative  of  an  isomeric  phosphorus  oxychloride  at  present 
tnown,  which  contains  trivalent  phosphorus,  thus : 

^henoxyldiphenyl-phosphine  2V iphenyl-phosphine  oxide 

ni  T 

(C.H.),P-0-C,H.  (C.H.).P=0 

Zsophosphorus  oxychloride  Phosphorus  oxychloride 

m  T 

Cl,P.OCl  C1,P=0 

(unknown.) 

ice  phosphorus  and  the  other  elements  of  that  group  must  be 
sidered  quinquivalent,  and  the  compounds  into  which  these 
neDts  enter  with  a  less  valence,  as  unsaturated. — Per,  Perl. 
em  Ges.^  xviii,  2118,  Sept.,  1885.  g.  p.  b. 
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6.    On  the  Me%8urement  of  the  Resistance  of  Liquids, — ^Two 
methods  for  measuring  the  resistance  of  liquids  have  been  pr^ 
posed,  in  both  of  which  polarization  is  a  minimum ;  one,  the  ele^ 
trometer  method  sugfijested  V>y  Lippmann,*  the  other  the  aher- 
Dating  current  method  brought  into  use  by  Kohlrausch.     Born 
and    FoussERKAu   have   made  comparative   tests   of  these  two 
methods  for  the  purpose  of  determining  their  relative  value.   lo 
the  former,  as  modified  by  Foussereau,f  the  column  of  liquid  is 
included  in  a  closed  circuit,  containing  also  a  battery  and  a  known 
and  adjustable  metallic  resistance.     By  means  of  a  commutator, 
the  terminals  of  a  condenser  may  be  alternately  connected  with 
two  points  in  the  liquid  column  or  two  in  the  metallic  resistance, 
the  difference  of  potential  of  these  terminals — corresponding  to  the 
d4fference  of  potential  of  the  points  with  which  they  are  in  contact 
— being  determined   by  means  of  a  Lippmann  electrometer  in  the 
condenser  circuit.     By  adjustment  two  points  in  the  metallic  cir- 
cuit are  found  such  that  their  difference  of  potential  is  exactly  the 
same  as  that  between  the  two  points  in  the  liquid.     The  resist- 
ance between  the  latter  is  then  equal  to  that  between  the  former, 
which  is  of  course  known.     Bouty  in  employing  this  method  uses 
a  compensating  battery  in  the  condenser  circuit,  and  has  obtained, 
very  satisfactory  results  with  it. J     The  experiments  on  the  alter- 
nating currtMit  method,  were  made  by  means  of  a  small  Deprei 
generator  revolving  about   100  times  per  second.     This  current, 
passed  through  a  Whoatstone  bridge,  a  sensitive  telephone  being* 
used  in  place  ol  the  galvanometer.     Large  electrodes,  0*01  squares 
meter  each,   wore  employed  and   the  generator  and   resistances, 
were  carefully  insulated.     Hut  it  was  found  next  to  impossible  to 
adjust  the   telephone  to  silence  when   metallic  resistances  forrae^i 
the  sides  of  the  bridge ;  although  the  resistance  coils  used  were 
by  approved  makers.     With  low  values,  a  minimum  sound  could 
be  distinguished ;  but  as  the?  resistance  increased,  this  rainimuiu 
sound   became  louder  and  less  distinguishable.     But,  what  \%  of 
more  importance,  when  the  bridge  was  V)alanced  for  sound,  it  was 
entirely  unbalanced  for  the  resistances;  the  error  rising  to  20  per 
cent  even.     This  result   is  manifestly  <lue  to  the  fact  that  these 
resistance  coils  were  not  free  from  induction  and  the  coefficient  of 
selt'-induotion  with  alternating  currents  became  a  serious  matter. 
The  sides  of  the  bri<lge  were  then   formed  of  liquid  resistances. 
Three  of  these  consisted  of  pairs  of  glass  jars  containing  zinc  sul- 
phate solution  an«l  amalgamated  zinc  plates;    a  syphon  between 
them  regulating  the  resistance  of  each  pair.     The  fourth  consisted 
of  a  specially   constructed    liquid    rheostat,   made  of  two  glass 
cylinders,  one  abcni'  the  other,  containing  each  a  co]>per  electrode 
of  large  surface  immersed  in  copper  sulphate  solution.      By  means 
of  a  glass  tubo  passing   through  the   bottom  of  the  upper  jar, 
nearlv  to  the  bottom  of  the  lower,  communication  is  established 
between  them.     A  gla>s  rod  passing  through  the  tube  .serves  to 
vary  the  liquid  in  tlie  tube  and  so  the  resistance  of  the  apparatus. 

*  C.  H..  Ixxxiii.  192.  ISTG.  f  J.  Phvs.,  II,  iv,  189,  Maj,  1885. 

X  Ibid..  II,  i.  346,  Aug.,  1SS2,  II,  iii,  433,  Aug.,  1884. 
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tits  upper  end  this  rod  carries  an  index  moving  over  a  gradu- 
;ed  scale,  calibrated  by  an  electrometer.  The  resistance  of  this 
leostat  varies  from  12()0  lo  5000  ohms.  With  these  resistances 
I  the  bridge,  the  extinction  of  sound  in  the  telephone  was  abso- 
ite.  The  liquids  to  be  measured  were  placed  on  one  side  of  the 
ridge,  using  platinum  electrodes.  With  strong  or  only  moder- 
tely  weak  solutions,  an  excellent  balance  could  be  obtained ;  but 
'hen  these- became  more  dilute,  the  error  was  considerable.  With 
DC  thousandth  solutions  of  magnesium  chloride  and  potassium 
hloride,  the  difference  between  two  consecutive  measurements 
as  2h  per  cent  by  this  method ;  while  with  the  electrometer 
ethod,  the  error  was  only  one-tiiird  of  one  per  cent.  The  au- 
lors  believe,  therefore,  that  for  very  dilute  solutions,  the  dec- 
ameter method  is  preferable.— ^<7]  JPhys.,  II,  iv,  419,  Sept.,  1886. 

G.    F.    B. 

7.  -4  inethod  of  precisely  measuring  the  vibratory  periods  of 
ting  forks. — The  third  volume  of  the  Memoirs  of  the  National 
ademy  of  Sciences  contains  a  paper  by  Professor  A.  M.  Mayer 
l>odying  the  results  of  a  research  recently  carried  on  by  him 
Ji  funds  from  the  Bache  endowment.  This  research  had  as  its 
ject  the  elaboration  of  a  method  for  measuring  accurately  the 
les  of  vibration  of  tuning-forks,  and  the  determination  of  the 
rs  of  their  vibrations  with  reference  to  the  use  of  the  tuning- 
Ic  as  a  chronoscope.  The  method  emphiyed  was  briefly  to 
.ke  a  clock  flash,  at  each  second,  a  spark  of  induced  electricity 

a  trace  made  by  a  style  attached  to  the  prong  of  the  vibrating 
k.  To  accomplish  this  the  pendulum  of  the  clock  was  armed 
th  a  triangular  piece  of  platinum  foil  which  each  second  cut 
rough  a  globule  of  mercury  contained  in  a  small  iron  cup.  To 
iiire  the  best  results,  fresh  mercury  was  taken  with  each  experi- 
iut  and  the  height  of  the  mercury  was  adjusted  by  a  screw 
liar  in  such  a  way  as  to  make  the  globule  as  nearly  as  possible 
i^id  and  free  from  vibrations  with  eacli  touch  of  the  platinum 
>int.  The  clock  through  this  mercury  connection  was  placed  in 
e  circuit  of  the  primary  coil  of  an  inductorium,  the  current  of 
hich  was  given  by  a  single  voltaic  cell.  The  tuning-fork,  with 
le  of  its  prongs  armed  with  a  light  style  of  thin  elastic  copper 
il,  was  screwed  to  a  board  witli  a  hinge  which  with  a  screw- 
op  suitably  placed  allowed  of  its  being  inclined  so  that  the 
y\e  was  just  in  contact  with  a  smoked  surface  of  paper  wound 

a  rotating  cylinder.  The  secondary  circuit  of  the  induction 
il  included  the  fork  and  cylinder.  In  the  experiment  the  fork 
ks  raised  on  the  hinge,  set  vibrating  by  a  bow,  and  then  de- 
essed  again,  so  that  the  style  should  write  out  its  vibration  on 
B  smoked  surface;  at  each  second,  as  the  platinum-pointed  pen- 
lum  left  the  mercury,  the  primary  circuit  was  completed  and 

induced  current  caused  a  spark  from  the  point  of  the  style, 
lich  made  a  single  minute  circular  white  spot  on  the  blackened 
rface.  The  determination  of  the  vibration-period  of  the  fork  is 
viously  given  by  counting  the  number  of  waves  in  the  trace 
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and  mcasiirinfT  the  fraction  of  a  wave  with  a  microscope-microme 
ter.  It  was  found  to  be  essential  to  accuracy  that  the  induction 
discharge  should  i^ive  a  single  spark  only  and  that  the  spot  made 
by  it  should  bisect  the  trace  of  the  fork.  A  series  of  experimentg 
with  discharges,  obtained  on  a  rapidly  rotating  surface  of  black- 
ened paper  with  currents  of  various  strengths,  showed  that  the 
discharge  is  ordinarily  complex,  and  consists  of  a  shower  of  sparks 
producing  a  large  number  of  spark-holes  on  the  paper.  The 
proper  conditions  to  be  fulfilled  to  give  the  single  spark-hole  with 
a  given  induction-coil  can  only  be  obtained  by  a  series  of  exj»eri- 
ments  varying  the  strength  of  the  primary  current  and  the  area 
of  the  condenser  in  the  secondary.  In  the  experiments  descrihed 
the  primary  coil  was  150  feet  in  length,  the  secondary  8  n:iles, 
and  a  condenser  of  plates  of  glass  with  tin  foil  with  50  square 
inches  of  area  were  employed. 

With  the  instrument  which  has  been  described  a  number  of 
separate  investigations  were  made.  The  first  had  to  do  with  the 
question  of  the  influence  of  varying  amplitude  on  the  time  of 
vibration.  With  amplitudes  varying  in  one  case  from  l*19'°°^io 
0*59,  in  another  from  '2*39  to  0*61,  and  a  third  from  2*07  to  0*78, 
no  variation  in  vibration-period  greater  than  -OO  of  a  vibration 
was  noted.  In  a  second  series  of  experiments  the  effect  of  tem- 
perature was  considered,  and  the  result  established  with  six 
Koenig  forks  with  Utj  and  Utj  as  extremes,  that  for  all  forks  of 
the  same  steel  and  shape  the  effect  of  change  of  temperature  was 
the  same.  A  change  of  1°  F.  produced  a  change  of  vibration- 
period  of  ^xItt  l^*^^-  ^"  another  series  of  experiments  the  law 
of  the  running  down  in  the  amplitude  of  a  fork's  vibration;  and 
in  another  the  numbers  of  vibrations  per  second  of  some  Euro- 
pean forks  of  various  standards  of  pitch  were  determined.  In 
the  latter  determinations  the  probable  errors  in  one  of  the  mean 
cases  was  estimated  to  be  ±'0053  of  a  vibration;  in  another 
i*004  of  a  vibration. 

Professor  Mayer  discusses  further  the  use  of  the  apparatus 
describe<l  as  a  chronoscope,  and  gives  the  results  of  some  experi- 
ments with  it  on  the  velocity  of  fowling-piece  shot  of  varions 
sizes  with  various  charges  of  powder.  The  degree  of  uniformity 
of  rale  of  rotation  of  the  cylinder  is  shown  to  be  immaterial,  and 
further  it  is  shown  that  no  correction  is  needed  for  the  weight  of 
the  tracing  style  nor  tor  its  scrape  on  the  paper.  With  an  A  fork 
with  440  vibrations  per  second,  it  is  slated  that  the  number  of 
vibrations  can  be  determined  by  this  method  to  at  least  -j^  of  a 
vibration,  and  the  time  record  consequently  to  jy.Vin)  ^^*  second. 

II.    Geology  and  Natural  History. 

1.  Fourth  Anmud  Ueport  of  the  U.  S,  Geological  Survey, 
1882-'8;3;  by  J.  W.  Powell,  Director.  474  pp.,  royal  octavo, 
Washington,  1884. — This  fourth  report  of  the  U.  S.  Geolo^cal 
Survey,  recently  distributed,  contains,  like  its  predecessors,  large 
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and  important  contributions  to  the  science.  After  a  review  of  the 
work  in  progress  through  the  year,  there  are  Reports  on  the 
Hawaiian  Volcanoes,  by  Captain  C.  E.  Duiton  (pi).  81-212);  al>- 
stract  of  a  Report  on  the  Mining  Geology  of  the  Eureka  District, 
Nevada,  by  Joseph  S.  CuETis(pp.  225-251)  ;  Popular  fallacies  re- 
garding the  precious  metal  ore  dej)osits,  by  Albert  Williams,  Jr. 
(pp.  253-271) ;  A  Review  of  the  fossil  Ostreida^  of  North  America, 
by  Dr.  C.  A.  White  (pp.  281-316);  a  sketch  of  the  Life  History 
of  the  Oyster,  by  J.  A.  Ryder  (pp.  315-334);  A  Geological 
reconnaissance  in  Southern  Oregon,  by  Israel  C  Russell  (pp. 
438-464).  Captain  Dutton's  report  is  an  elaborate  memoir  on  the 
Geology  of  the  Hawaiian  Islands,  and  a  very  valuable  contribution 
to  the  subject  of  volcanoes,  prepared  after  a  careful  study  of  the 
region.  To  give  any  adequate  abstract  of  the  memoir  would 
require  the  space  of  an  article.  All  the  reports  are  well  illustrate*! 
by  maps,  sections,  cuts,  or  plates. 

2.  Oeological  Sketches  of  the  Preciotts  Metal  deposits  of  the 
Western  United  States,  by  S.  F.  Emmons  and  G.  F.  Heckek. 
With  notes  on  Lead  Smelting  at  Leadville,  296  pp.  4to.  From 
the  10th  U.  S.  Census  Report,  vol.  xiii.  Washington,  1885. — 
This  report  is  a  popular,  but  not  less  a  scientific,  account  of  the 
great  Western  mining  regions;  and  it  is  well  adapted  to  its 
place  in  the  Census  report.  It  reviews  the  geological  structure, 
mining  deposits  and  mines  for  each  of  the  States  and  territories 
in  the  w^est,  giving  sections  of  deposits,  and  tables  mentioning 
the  rocks  and  minerals  of  the  various  mines.  The  geologist  and 
those  interested  in  mines  and  the  associations  of  ores,  and  in  the 
sources  of  mining  wealth  in  the  country  will  find  the  report  full 
of  interest.  The  authors  know  well  their  subject,  and  describe 
the  regions  largely  from  personal  study. 

3.  Malesia  :  Plantce  Ospitatrici, — In  a  former  number  (p.  245) 
we  gave  an  abstract  of  Beccari's  investigations  and  illustrations 
of  those  singular  plants  which,  by  an  organic  change  of  structure 
supply  food  and  lodging  to  certain  species  of  ants.  The  third 
part  of  the  second  volume  of  Malesia  has  now  come  to  hand.  It 
is  wholly  occupied  with  this  subject,  and  illustrates  it  by  29  more 
plates  of  Myrmecodia  and  Hydnophijtum^  several  of  them  show- 
mg  the  formicaries.  Thirty  species  of  IJydnophytum  are  here 
characterized,  along  with  two  more  species  of  Myrmecodia.  A 
general  review  is  made  of  this  group  of  Rubiaceoe,  of  the  struc- 
ture of  the  tubers,  the  formation  of  the  galleries,  their  internal 
conformation,  and  of  the  ants  that  live  in  them,  thus  completing 
a  monograph  of  the  subject  so  far  as  these  hospitable  JHubiacem 
are  concerned.  a.  g. 

.4.  Illustrationea  Florae  Atlanticce, — The  Flora  of  the  French 
possessions  in  Northern  Africa  is  making  good  progress,  at  least 
m  the  illustrations.  The  energetic  Dr.  Cosson  brought  out  the 
first  fasciculus  of  these  fine  imperial  quarto  ])lates,  with  their 
letter-press,  in  1882.  We  have  now  received  the  second  fascicu- 
lll%  with  the  date  of  1884.     The  plates  (tab.  26  to  50)  are  all  of 
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CruciferoPy  and  the  majority  of  the  Brassicaceous  tribe,  of  which 
the  Mediterranean  retjion  is  the  special  home.  We  have  admira- 
ble illustrations  of  Ilenophytou^  Coss.  and  Durieu  (which  would 
be  Oudneya^  so  long  obscure,  except  for  a  slip  on  the  part  of 
Robert  Brown  in  citing  a  very  difterent  ])lant  as  a  representatire 
of  it),  Reboudia  of  the  same  authors,  Hemicrambe  of  Wehh,  and 


genera,  among  them  Sttviffnya  of  the  lamented  Boisser.      The  fig. 
ures  were  drawn  by  Cuisin,  and  are  excellent.  A.  g. 

5.  IViysiologiccd  Botany,  I.  The  Outline  of  the  Histology  of 
Ph(enogamons  Plants.  II.  Vegetable  Physiology ;  by  Geobgb 
Lincoln  Goodalk,  A.M.,  M.I).,  Professor  of  Botany  in  Harvard 
University,  being  vol.  II  of  Gray^s  Botanical  Tejct-Book,  New 
York  and  Cliicago  :  Ivison,  Blakeman,  Taylor  &  Co.  1885.  pp. 
499. — Teachers  of  Botany  especially  will  be  glad  to  know  that 
this  long  expected  volume  is  at  length  provided  to  meet — as  we 
trust  it  truly  will — the  demands  of  tlie  higher  instruction  in  their 
department.  In  making  tiiis  announcement,  it  is  not  for  us,  at 
this  time,  to  say  more  than  this:  that  the  volume,  although  mode- 
rate in  size,  is  encyclopedic  for  the  subject,  is  methodic  and 
well-i)roportioned,- is  admirably  illustrated,  and  will  bethought 
to  do  credit  to  tiie  series  of  which  it  forms  a  part.  Thirty-five 
pages  of  Practical  Exercises  are  bound  up  with  the  voiiirae. 
This,  and  the  Introduction  of  nearly  as  many  pages  on  Histolog- 
ical Appliances,  may  give  some  idea  of  the  pains  that  have  been 
taken  to  make  this  book  a  xuide  rnecuni  for  the  botanical  lalwra- 
tory.  A.  G. 

0.  RahenhorsV s  Kryptoy amen- Flora  von  Deutschland,  OeHer- 
reich  und  der  Schweiz.  llerfer  Band :  Die  Laubmoose^  vou 
K.  GiTSTAV  LiMriuciiT.  Leipzig,  E.  Kummer.  1885. — This  new 
edition,  under  the  name  of  the  late  Dr.  Ilabenhorst's  well  knoWn 
work,  is  truly  a  new  one,  of  distinct  volumes,  by  difterent  authors, 
th(»  l^tridophyta  by  Luerssen,  the  Fungi  by  DeBary,  Rebm, 
and  Winter,  the  Marine  Algcv  by  Hauck.  The  latter  is  complete 
and  has  already  been  noticed  here.  Dr.  Limpricht  of  Breslaii  now 
undertakes  the  Bryology;  and  two  fascicles  of  his  volume,  of 
128  pages,  8vo,  are  before  us.  More  than  half  of  these  pages  are 
devoted  to  structure  and  other  general  matters;  but  the  second 
fascicle  begins  the  Peat-Mosses,  and  carries  them  on  to  the  twen- 
tieth species.  The  illustrations  are  in  the  Jetter-press  and  are 
excellent.  a.  g. 

7.  On  the  S^tmicture  and  Dehiscence  of  Anthers  ;  by  Leclebc 
DU  Sablon,  (Ann.  des  sc.  nat.  bot.,  ser.  7,  t.  I,  p.  97). — The  author 
shows  that  the  walls  of  the  loculi  of  anthers  differ  as  much  in 
their  histological  characters  as  in  their  form.  The  cells  of  which 
the  loculi  are  composed  are  very  varioufely  ligniBecL  In  some 
there  is  no  appreciable  deposit  of  jigjgp,  bat  in  others  the  amount 
is  considerable  and  the  diBtrifaMMflHfeiiM  oells  is  charaoteristku 
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is  known  that  nnder  the  influence  of  dryness,  the  lignified 
lis  of  cells  contract  less  than  do  those  which  are  unlignified. 
e  unequal  contraction  of  these  different  cells,  as  the  anther 
proaches  maturity,  brings  about  a  definite  shrinking  of  the 
imbrane  in  such  a  way  as  to  break  the  loculus  open  in  a  deter- 
nate  line  of  dehiscence.  Some  of  the  instances  of  adaptation 
duced  by  the  author  are  almost  as  striking  as  those  which 
ve  long  been  known  to  occur  in  our  dry  fruits.  g.  l.  o. 

8.  Influence  of  strong  sunlight  on  the  vitality  of  Micrococcus, 
,  DucLAUx  (CoraptesRendus,  ci,  p.  396). — Six  forms  of  Micrococ- 
J  were  placed  under  conditions  most  favorable  to  their  rapid  de- 
ilopment  in  culture  fluids,  etc.  In  most  cases  exposure  to 
nlight  for  a  few  hours  completely  arrested  all  activity,  and  after 
teen  to  twenty  hours  all  vitality  was  destroyed.  g.  l.  o. 

9.  On  the  Jaistology  of  Asciaia, — Heckel  and  Jules  Cha- 
;tbb  have  reexamined  the  internal  face  of  the  pitchers  of  some 
the  species  of  Sarracenia,  Nepenthes,  etc.  They  recognize  the 
istence  of  four  regions  of  peculiar  structure,  all  of  which,  as 
BTiously  shown  by  Hooker,  are  concerned  in  the  entrapping 
d  probable  utilization  of  insects.  In  the  last  paper  by  tnese 
restigators  they  state  that  the  bottom  of  the  pitcher  of  Cepha- 
us  fascicularis  is  lined  with  a  membrane  which  has  multitudes 

aquiferous  stomata.  From  these  exudes  the  liquid  which 
•ves  to  dispose  of  the  captured  insects. —  Comptes  RenduSy 
pt.  8,  and  21.  g.  l.  g. 

10.  JReserve  carbohydrates  in  Fungi, — Leo  Ebraba  (Comptes 
3ndns,  ci,  p.  391),  shows  that  the  food-reservoirs  known  as  scle- 
tia  possessed  by  certain  fungi,  present  a  remarkable  similarity 
their  general  behavior  during  storing  and  use,  to  the  food  res- 
mrs  of  the  higher  plants,     it  has  been  found  by  him  possible 

detect  in  these  reservoirs  nearly  all  the  forms  of  stored-food 
the  higher  plants ; — for  instance,  oil  (in  Claviceps  purpurea) ^ 
ycogen  (in  Feziza  sclerotionAm)^  and  cellulose- thickening  (in  Pa- 
yma  cocos).  Puring  the  so-called  germination  of  the  resting 
rts,  these  reservoirs  exhibit  chemical  changes  strictly  compara- 
B  to  those  already  recognized  in  Phanerogams.  g.  l.  g. 


III.  Miscellaneous  Scientific  Intelligence. 

1.  Elements  of  Projective  Geometry ;  by  Luigi  Cremona. 
anslated  by  Charles  Leitdesdorf.  Clarendon  Press,  Oxford, 
85. — ^Professor  Sylvester  and  Professor  Price  have  conferred  a 
w  favor  upon  mathematicians  in  inducing  Professor  Cremona, 
connection  with  Mr.  Leudesdorf,  to  issue  an  English  edition  of 
I  Projective  Geometry.  The  first  edition  of  the  original  work 
ui  IflBQed  in  1872  and  translations  of  it  were  very  soon  made  in 
mich  and  German.  The  present  English  translation  is  con- 
tJBillUy  enlarged  and  amended. 

ISol^Thibd  Series,  Vol.  XXX,  No.  180  Dec,  1885 
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The  work  is  not  a  deBcriptive  geometry  nor  a  treatise  on  pe^ 
spective,  but  is  an  introduction  to  the  methods  of  investijirfttion 
now  known  under  various  names  of  Higher  Geometry,  Modern 
Geometry,  Geometry  of  Position,  etc.  The  knowledge  required 
in  a  student  of  this  work  is  that  of  elementary  plane  geometry, 
and  the  simplest  elements  of  algebra.  How  little  of  the  latter 
is  needed  is  seen  in  the  fact  that  ideal  or  imaginary  points  and 
lines,  as  well  as  the  logical  difficulties  connected  with  them,  are 
kept  as  much  as  possible  in  the  background.  The  ideas  of  lines 
and  points  at  infinity  in  the  plane,  of  homology,  of  duality,  of 
anharmonic  ratios,  of  involution,  of  poles  and  polars,  of  polar 
reciprocal  figures,  and  of  foci,  are  developed  in  a  manner  to  give 
to  the  student  a  clear  apprehension  of  the  several  methods 
involved  in  these  ideas  and  a  power  of  using  them.  It  is  only  % 
geometer  of  the  highest  rank  who  is  capable  of  producing  a  first 
rate  work  of  this  character. 

2.  Nati07i(tl  Academy  of  Sciences. — A  meeting  of  the  National 
Academy  was  held  at  Albany,  beginning  with  November  10, 1886. 
The  following  is  a  list  of  the  papers  entered  to  be  read  at  the 
meeting.    Those  marked  with  an  asterisk  were  read  by  invitation. 

S.  P.  Lanolbt  :  On  obscure  heat. 

J.  S.  BiLLiNQS:  On  a  new  form  of  craoiaphore,  for  taking  oompoelte  photo- 
graphs. 

A.  S.  Pagkakd:  On  the  Carboniferous  Merostomatous  fauna  of  Amenca. 
E,  C.  PiCKEHiNO :  Ou  stellar  photography. 

B.  D.  (.•OPE :  On  two  new  forms  of  Polyodont  and  Gonorhynchid  fishes  from 
the  Eocene  of  the  Uocky  Mountains. 

C.  U.  F.  Pkters:  On  certain  stars  observed  by  Flamsteed,  and  supposed  to 
have  disappeared. 

Jamks  Hall:   Remarks   upon  the  International  Geological  Congress,  with  i 
brief  historical  notice  of  the  origin  of  the  congress. 

James  Hall:  Notes  on  some  points  in  the  geology  of  the  Mohawk  Valley. 

Simon*  Nkwcomu:  When  shall  the  astronomical  day  begin? 

J.  W.  Powell:  Remarks  on  the  stone  ruins  of  the  Colorado  and  the  Rio 
Grande. 

A.  Graham  Hell:  Preliminary  report  on  the  investigation  relating  to  hereditary 
deafness. 

C.  A.  YoiTNG :  On  the  new  star  in  the  nebula  of  Andromeda. 

C.  IT.  F.  Peters:  On  the  errors  of  star  catalogues. 

T.  II.  Stafford  :  On  the  formation  of  a  Polar  catalogue  of  stars. 

James  Hall:  Remarks  upon  the  Lamellibrauchiata  fauna  of  the  Devonian 
rocks  of  the  State  of  New  York,  and  the  results  of  investigations  made  for  the 
paleontology  of  the  State. 

*0.  T.  Sherman:  On  new  lines  in  the  spectra  of  certain  stars. 

*W.  B.  DwiGUT:  Primordial  rocks  among  the  Wappinger  Valley  limestones, 
near  Poughkeepsio,  N.  Y. 

*J.  A.  LiNTNER:  On  recent  progress  in  economic  entomology. 

*C.  H.  Peck  :  The  New  York  State  herbarium. 

*Otto  Meyer  :  On  a  Section  through  Southern  Tertiaries. 

OBITUARY. 

Dr.  William  B.  Carpenter,  the  English  Physiologist,  died  on 
the  10th  of  November  last  at  the  age  of  seventy-two  years. 
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Campbell,  U,  D.  and  J.  L.,  Rogers's  Geol- 
ogy of  the  Virginias,  357. 
Canada,  glaciation  of  the  Hudson's  Bay 
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tertiary,  60,  421. 

species  in  the  French  Old-tertiary, 
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MiN'ERALS — 
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Perkins,   C.  A.^  magnetic   permeability 

of  nickel  218. 
Philadelphia,    American    Philosophical 

Society,  86. 
Phosphorus,  valence  of,  483. 
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465 :  vii.  53. 
Blood-crv8tal«  and  their  coloring  matter, 
i.  499." 


Blowpipe  analysis,  Cornwall^  iv,  400. 
Bloxam,  C.  L.,  Chemistry,  vii,  80. 
Bohnensieg,  G.  G,   W.,  Repertorinm  .An^ 
nuum  Lit.  Botanicae,  iii,  70 ;  viii,  473. 
Bois,  D.,  IjC  Potager  d'un  Curieux,  xn. 

164. 
Boissier's  Flora  Orieutalis,  viii.  157. 
Bolometer,  use  of,  i,    187;  iv,  395 ;  r. 

170;  vii.  169;  xxx,  477. 
Bolton,  U.  (■.,  organic  acids  in  examiot- 
tion  of  minerals,  i,  8C  ;  v,  470. 

Catalogue  of  Chemical  Periodica]& 
XXX,  88. 

Catalogue  of  Scientific  and  Techzu- 
cal  Periodicals,  xxx,  247. 
Booth,  II.,  Utica  slate  gr«ptolite&  tI  .^o. 
Bomeol.  vi,  141. 

Bornet.  K.,  Notes  Algologiques,  i,  50S. 
Notice  Biographique  sur  J.Decaisne, 
vi,  247. 
Boron  hydride,  ii,  147. 
Bosnia- Herzegovina,  geology  of,  i,  40S. 
Bo88,'L.,  comet  h,  1881,  ii,  140. 

comet  vii,  1881,  (Swift),  iii.  77. 
Boston  city  water,  iii,  250. 

Society  of  Natural  History,  it,  85: 
iv,  235. 
Bostwick,    A.  E.,  influence  of  light  oo 
electrical  resistance  of  metals,  viii  133. 
new  form  of  absorption  cell.  ni. 
452. 
BoTA.sicAL  Works  Noticed— 
Agricultural   Grasses  of  the  United 

States,  Vayey,  vi,  322 ;  viii  403. 
American  Journal  of  Forestry.  Hmk 

iv,  400. 
ArlK>retum  >Segrezianum.  LavaUie.  ii. 

238;   v.  312. 
Atlas   de  la  Flora  des   Envirotis  de 

Paris,  vi,  77. 
A  ustralian  Plants,  MuUer,  vl  78. 
Beitrag  zur   Kenntniss  der  Cstils(;- 

iueen.   Woronin,  iv.  73. 
B<.>tanical  Collectors  Handbook,  Baiiy. 
ii.  326,  iii,  246. 
Fragments,  Bunbury,  vii.  155. 
Taxonomv,  CnrueL  vii.  241. 
Botanische  Jahrbiicfcer.  Engler.  iii,  71. 
Mikrochemie.  Poulsen,  iii,  328. 
Practicum,  Strasburger.  viii,  474. 
IJotany  of  California,    Watson,  i,  251. 

330' 
Briti.-'h     Moss-Flora,     BraithwaiU,  i 

329:  ii.  239. 
Catalogue   of   American  grape-vines. 
Bu/iJi  and  Son,  vii,  155. 
of  <  anadian  Plants.  Macoun.  ix.  265. 
of  Phmts.  Oyattr.  xxx.  85. 
('hallenger   Expedition.  Botany,  xxx. 

4:2. 
Clematidei*  Megalantbes.  iii,  494. 
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Botanical  Works  Noticed— 
Colors  of  Flowers,  Allen,  v,  236. 
Comparative    Anatomy   of  the  Pha- 
nerogams and  Ferns,  Lx,  72. 
Compendium  Flone  Atlanticse,  Cossen, 

vi,  77. 
Conspectus  Flone  European,    Xytnan, 

V.   162. 
(Contributions    to    .Vmcrican   Botany, 

iv.  297:  vi,  323;  xxx.  160. 
Contributions  to  N.  A.  Botany,  Gray, 

iv,  298. 
Corallina,  Solms-Lavhach,  ii.  325. 
Course  of  Instruction  in  Botany,  Bowtr 

ViJies,  xxx,  164. 
Dictionary  of  Popular  Names  of  Plants, 

Smith,'iy.  476. 
Drugs  and  Medicines  of  North  Amer- 
ica, ZAoyd,  viii.  474;   xxx.  246. 
Elements  of  Forestry,  Hough,  iv,  408. 
Eucalyptographia,  K  v.  MiUler,  i,  249, 

xxx,  83. 
English  Plant  Names,  EarU,  ii,  491. 
F'niwickelungsgeschichte   der    Pflan- 

zenwelt,  iv,  72;   v,  394. 
Kssentials  of  Botany,  Bessey,  viii,  475. 
Europas  och  Nord  Amerikas  Huitmos- 

sor,  Idndherg,  iv,  156. 
Feriilizatiou   of   Flowers.   H.  MuUer, 

vi,  324 
Mora  Bra-siliensis.    iii.  244  ;    v,   1 62  ; 
viii,  402. 

Italiana,  ParlcUore,  viii,  403. 

of  British  India,  Clarke  and  /looker, 
V,  162. 

of  Essex  Co.,  Mass.,  Rohiusoii.  i.  251. 

of  Minnesota,  Upham,  viii,  472. 

of  North  Patagonia,  Ball,  viii,  157. 

of  the  Southern  States,    Chapman, 
V,  480. 

of    Washington,    Ward,  iii,  492. 

Orien talis,  Boissiers,  viii,  157. 

Peoriana,  Brendel,  v.  81. 

de   la  GirondOr  Clnvaud,  iv.  72. 
Forests  of  N.  America,  Skirgent,\x.  264. 
(renera      Plantarum.     Beniham    and 

Hooker,  v.  481 ;  vi,  245. 
(termination    of  Welwitchia,    Bower, 

I  412. 
(rreenland  Flora,  iii,  247. 
Gymna'^poranga,  Farlow,  i,  332. 
Haudbuch   der  Botanik,    Muller,   vii. 

322.  Schenk,  A,,  vii,  322. 
Icones  Plantarum,  Hooker,  iii,  71. 
Illustrationes  Flone  Atlantica*,  vi,  78; 

xxx,  487. 
Isoetes  in  North  America,  Emjelmann, 

iv.  72. 
Itinera  Principum  S.  Coburgi,  vi,  247. 
Jahrbuch  des  K.  Botanischen  (IJartens, 

Eidilei',  iii,  70;   v,  479;  ix,  266. 


Botanical  Works  Noticbd— 
Journal  of  Linnean  Society,  iv,  299. 
Kryptogamen     Flora,    Rdbenhorst,    i, 

507;  V,  314;  xxx.  488. 
Lytliracese  of  the  United  States,  Kohne, 

xxx,  83. 
Malesia,  Beccari,  vii,  241  :  xxx,  487. 
Manual  of  the  Coniferaj,  Veitch,  iii,  69. 
Marine  Algae,  Farlow.  \\j  158. 
Les  Meilleurs  Bles,  Vilvnorin,  iii,  494. 
Microscope  in  Botany,  Behrens,  xxx. 

248,  319. 
Monographiae     Phfenogamarum,    De- 

Ca7id^lle,u,  235  ;  v,  481. 
Monographia    Festucanim    Europsea- 

rum,  Hackel,  vi.  77. 
Monographic  des  Compos^es,  Baillon, 

iii,  492. 
Monograph  of  Lilium,  Elwes,  v,  82. 
Morphologic     und     Physiologie    der 

Pilze,  DeBary,  ii,  324. 
Mosses  of  North  America,  Lesquereux 

and  James,  viii,  1 55. 
Movement  in  Plants,  Darwin,  i,  245. 
Names  of  Herbes.  Turner,  iii,  326. 
Native  Forests,  Clet^eland,  iv,  400. 
Native  Trees  of  the  Lower  Wabash. 

Ridgway,  iv,  400. 
New  Asiatic  Plants,  iii,  245. 
N.  A.  Gamopetalse,  Patterson,  xxx,  85. 
North   American    Hepaticse,     Under- 
'  wood,  viii,  403. 

North  American  Lichens,  Tuckermann, 

iii,  326. 
North  American  Mosses  and  Hepat- 

iae,  Cummings.  xxx,  85. 
Notes  Algoiogi(iue8,  Bomei  and  Thuret, 

i.  508.' 
Orchids   of   New  England,   Baldwin. 

viU,  237. 
Organismes  Problematiques,  Saporta, 

xxx,  83. 
Origin  of  Cultivated  Plants,   DeCan- 

iolle.  v,  241,  370;    vi,  128;  ix,  267. 
Our  Native  Ferns.  Underwood^  iv,  156. 
Pfianzenkrankheiten,  Frank,  vii,  415. 
Pflanzenphysiologie,   Pfeffer,  vii,  322  : 
I  Sachs,  vii,  322. 

'  Phyt^>geogenesis,  Kunze,Y\,  4 1 4, 486. 
Plantes  a  Fourmis,  Levitr,  xxx,  245. 
Les  Plantes  Potag^res,    Vilmorin,  v. 

235. 
Plants  of  Buffalo,  Day,  vii,  415. 
Plants  of  Ceylon,  Trinien,  xxx,  321. 
Plants  of  New  Brunswick,  Fowler,  xxx, 

«5. 
Plants  of  San  PVancisco,  Behr,  viii,  156. 
Plants  of  Worcester  Co.,  Mass.,  Jack- 
I  son,  vi,  487. 

I      Podostemacea^,  Warming,  ii,  492  ;  iv. 

400. 
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Botanical  Works  Noticed — 
Popular    OaliforDian    Flora,    Rattan^ 

iii,  495. 
Potager  d'un  Curieux,  PaUleiix^  xxx, 

164. 
Rabenhorst'fl     Kryptogamen      Flora, 

Winter,  i,  507. 
Repertorium  Annuum  Literatum;  Bo- 

tanlcte,  Bohnemiey,  iii,  70;  viii,  473. 
iSarraceniaceen,  Zipperer,  xxx.  247. 
Student's  Flora,  Hooker,  viii,  238. 
Synoptical  Flora,  Gray,  viii.  237. 
Talks   A  Held  about    Plants,    Bailey, 

XXX,  167. 
Text-book  of  Botany,  Thome  and  Ben- 
nett, XXX,  164. 
Trait^  <ie  liotanique,  Tieghein,  vii,  322. 
Wild  FloWers  of  America,    Spragae, 

vii,  414. 
Woods  of  the  I''^.  States,  S<irgent,  xxx. 

82. 
Botany — 

Acids,    formic  aud   acetic,  in  plants, 

v,  161. 
Alcoholic  fermentH,  Hansen,  ii,  492. 
Alga?  in  animals,  iii,  328,  329. 

New  Kngland,  ii,  158. 
.Alismaeea*,  ii,  236. 
Anther  cells,  structure  of,  xxx,  488. 
Ants  iohabitinvr  plants,  xxx,  245,  489. 
Ascidia,  hlFtology  of,  xxx,  489. 
Asia,  plants  of,  iii,  245. 
Bacteria  in  air,  ix,  73. 
Hananas  in  cultivation,  vi,  130. 
Bean  in  cultivation,  vi,  130. 
Bromeliaceii'  of  Brazil,  vi,  247. 
Buffalo  catalogue  of  plant**,  vii,  415. 
California  plants,  i,  251,  33^0;  vii,  413; 

XXX.,  319. 
('anadian  p'ants,  ix,  265. 
Cedar  apples,  i,  332. 
Chlorophyll,  action  of,  v,  312. 
Chorizjmtho.  Parry,  viii,  76. 
(yliujate,  influence   of,  on  vegetation, 

liuystnan,  viii,  354. 
Clematis,  vii.  494 :  Kunze,  xxx,  84. 
Colors  of  Flowers,  v.  236. 
Compass-plants,  iii,  159,  245. 
Couifenr,  fomale  flowers  of,  iii,  418;  iv, 

233. 
(yoriaria,  iii.  159. 
Corallines  of  Xaplos,  ii,  325. 
Craticgus,  species  of,  v,  312. 
Crenothrix  infecting  water,  iv,  318. 
Cucurhit^iceic,  ii,  237. 

American,  Gray  and  TrmnhuH,  v, 

370. 
Cyperaceaj,  Btniham,  i,  412. 
Cyperus,  Claris  viii,  75. 
Diatoms,  structure  of,  vii,  416. 
Dvara,  a  new  rubl)er-plant,  iv,  299. 


Botany — 

Kdible  plants,  xxx,  164. 
Embryos,  peculiar  organ  of,  iv,  296. 
Epiphytes,  the  ash  of,  iv,  299. 
Ferments,  alcoholic,  ii,  492. 
Ferns,  comparative  anatomy  of,  ix,  72. 
Festuca,  species  of,  vi,  77. 
Flora  Brasiliensis,  iii.  244;  viii,  402. 

of  Greenland,  iii,  247. 
•  of  New  Zealand,  ix,  343. 

of  Northern   Africa,  xxx,  487. 

of  Minnesota,  viii,  472. 

of  North  America,   Gray,  iv,  .321 ; 
viii,  323. 

of  Patagonia,  viii,  157. 
See  Botanical  Works — 
Flowers,  colors  of.  v,  236. 
Forests  of  the  U.  States,  ix,  2W. 
Fungi,  morphology  and  physiology  of 

ii,  324. 

reserve  carbohydrates  in,  xxx,  4^9. 

respiration    and    transpiratioD  of. 
viii,  241. 
Genera,  number  of,  vi.  246. 
Grammeas  Bentham,  iii,  244. 
Grape-vines,  American,  vii,  155. 
Gymnosporangia,  Farloiv.  i,  332. 
Ilelianthus,  cultivated,  v,  244. 
Herbage  of  permanent  meadow,  ri. 

395. 
Hops,  origin  of,  v,  254. 
Hypericum,  iii,  245. 
Hypopitys  or  Uypopithys,  viii,  238. 
I  Ilex,  iii,  159. 
Indian  Com.  cro.s8-breediug,  Ao/.  iv. 

452. 
LastarriH;a,  viii,  76. 
Leaves  in  suu  and  shade,  v.  313. 

motions  of  in  the  light  iii.  245. 
Lenticels.  structure  and  function  of. 

viii,  239. 
fjepturus  paniculatus,  iii,  71. 
Lichens,  North  American,  iii,  326. 
Lilium,  monograph  of,  v,  82. 
Malvacew,  aiidrcecium  of.  v,  480. 
Manihot,  cultivated,  v,  248. 
Metallic  oxides  in  plants,  iii,  491. 
Micrococcus,  influence  of  sunli}<rht  on 

xxx,  489. 
Monochasma,  iii.  159. 
Movements  of  plants,  i,  245,  iii,  245. 
Nectaries  and  water-glands,  viii.  240 
Nettle,  vegetative  organs  of,  xxx,  84, 
Nitrites,  detection  of,  in  plants,  viii, 

239. 
Nomenclature,  Gray,  iii,  1 57  ;  vi  411 
Orchidacea?,  Bentham,  i,  412. 
Origin  of  Vegetation,  vi,  486. 
Palms,  structure  and  growth  of,  vUL 

239. 
Passiflora  in  cultivation,  vi,  129. 
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:in  of,  V,  370. 
tissima,  vi,  128. 
rns,    comparative   anatomy  - 
I. 

iii.  329. 

ceae,  ii,  492 ;  iv,  400. 
oleracea,  v,  253. 
ultivated,  v,  246. 
ice  of,  iu  plants,  iii,  494. 
1  of  plants,  iii.  423. 
ortli  America,  xxx,  166. 
a,  of  salmon  disease,  iv,  74. 
dus  Texanus,  iii,  71. 
.'ision  of.  xxx,  246. 
lity  of.  iv,  297. 
agiis  Carteri,  ii,  493. 
ins,  origin  of,  i,  330. 
,  thoughts  on,  vii,  241. 
s,  xxx,  166. 
e,  Ganiiett  iii,  275. 
cultivation,  vi,  128. 
i,  40.3. 

heteroecism  of,  v,  314. 
L',  Woronin,  iv,  73. 
names  of.  Gray,  vii.  396. 
Gray,  vii,  4 1 3. 
kingdom,  development  of, 

)lants,  movement  of,  v,  237. 

a.  seedling  of.  i,  412. 

icture  of,  V,  480. 

•ength  of,  i.  251. 

<ivated,  v,  250. 

?ells"  of  Hadiolarians  and 

rates,  iii,  328. 

la,  iii,  329. 

r  under  Geology. 

Boston  Soc.  Nat.  llist,  ii,  85. 

).,   Practical    Instruction  in 

XX.  164. 

.T.  S.,  British  Spongiada,  iv, 

E.,  Introduction  to   Practi- 
»try,  xxx,  168. 
.  D.  L..   Minerals  of  Huenos 
61. 

F.,  galvanometer  for  power- 
ts.  i.  395. 

ow  spectroscope,  iv,  60. 
or  measuring  power,  vii,  20. 
:an"  Phvsics,  ix,  61. 
L   new  genus   of  spherical 
v,  84. 

R.,  Britisli    Moss-Hora,  i, 
^9. 

:>nd  in,  Derby,  iv,  34. 
•al  report,  iv,  153. 
Derby,  iii.  178  ;  viii,  440. 
lite  of,  Derby,  viii,  203. 
of,  Derby,  iii.  373. 


Brazil,  minerals  of,  vii,  73  ;  ix,  70. 

nickeliferous  iron  of  Sta  Catarina,  iii, 
229;  ix,  33,  496. 

plants  ol  iii.  244,  vi,  247,  viii,  402. 
rocks  of,  Derby,  vii,  138. 
Brendel  F.,  Flora  Peoriana,  not.,  v,  81. 
Brewer,  W.  H.,  suspension  and  sedimen- 
tation of  clays,  ix,  1 . 

evolution  of  the  trotting  horse,  v, 
299. 
Brezina,  A.,  Kryst.  Untersuchungen,  viii, 
75. 

Meteorites  of  Vienna   Mus.,   xxx. 
402. 
Bricks,  Milwaukee,  iv,  154. 

mineral  from,  i,  157. 
Briosi,  6.,  on  an  organ  of  some  vegeta- , 

ble  embryos,  noticed,  iv,  296. 
Brinton,    D.   6.,    Aboriginal  American 
Authors,  vii,  498. 
the  Giieguence,  vii,  498. 
British  Columbia,  Cambrian  or  Primor- 
dial, rocks  in,  xxx,  79. 

geology  of,  Dawson^  ii,  75. 
Mesozoic  of,  Whiteaves,  ix,  444. 
Britton,  N.  L.,  Staten  Island  Geology,  ii, 
488. 

pot-holes  in  the  Bronx  valley,  v,  1 58. 

N.  A.  species  of  Scleria,  xxx,  246. 

Broadhead,  G.   C,  Carboniferous  rocks 

of  Kansas,  ii,  55. 
Bromine,  carbon  compounds  in  manufac- 
ture of,  V,  308. 

union  of,  with  chlorides,  xxx.  381. 
vapor-density  of,  iv.  142. 
Bromoform,  direct  production  of,  i,  236. 
Brongniart,  C,  Silurian  fos.sil  cockroach 

in  France,  ix,  419. 
Brooks,    W.    K.,  Development    of  the 
Sciuid,  ii,  414. 

the  Law  of  Heredity,  vii,  156. 

Invertebrate  Zoology,  iii,  491. 

Brown,  W.  G.,  quartz-twin  from  Virginia, 

xxx,  191. 
Browne,  A.  E.,  Becker's  theory  of  fault- 
ing, viii,  348. 
Browne,  W.  /?.,  glacier  motion,  vi,  149. 
Bruce,  A,   T.,  brains  of  Tertiary  mam- 
mals, vi,  70. 
Bruhl,  J.  W.,  on  molecular  structure  and 

refractive  power,  i,  70. 
Brun,  fulgurites  in  the  Alps,  ix,  415. 
Brush,  G.  J.,  American  sulpho-seleoides 
of  mercury,  i,  3 1 2. 
scovillite,  v,  459. 

identity  of  scovillite   and  rhabdo* 
phane,  vii.  200. 
Brysen,  J.,  glacial  phenomena  of  Long 

Island,  v,  475. 
Buenos  Aires,  vanadates  from,  ii,  157. 
minerals  of.  v.  161. 
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Buffalo  Society  of  Nat.  Hist.,  i,  338. 

Building  stones,  durability  of,  i.  410. 

Bullet  within  the  body,  apparatus  for 
finding,  BeU,  iii,  4C ;  v,  22. 

Bunbury,  Botanical  Fragments,  vii,  155. 

Burbury,  S.  H.,  Mathematical  Theory  of 
Electricity  and  Magnetism,  xxx,  241. 

Bureau  of  Scientific  Information,  viii, 
320. 

Bush  and  Son,  Catalogue  of  American 
grape-vines,  vii,  155. 

Bvah,  L.  P.,  notice  of  Marsh's  Dinoce- 
rata,  ix.  173. 

Buysman,  influence  of  sea  and  continen- 
tal climate  on  vegetation,  viii,  354. 


Cadmium,  atomic  weight  of,  ii,  148. 
Gfesium,  production  and  properties  of, 

iu,  411. 
California,     ammonites    in    the    Tejon 
group  of,  iv,  152. 

colemauite  from,  viii,  447;  ix,  341. 
erythrite  from,  xxx,  163. 
hanksite  from,  xxx,  133,  I3C. 
Lake  Tahoe,  LeConU,  vii,  145. 
lakes,  changes  of  level  in,  i,  415. 
metalliferous  vein-formation  in,  iv, 
23. 

meteoric  iron  from,  Shejmrd.  ix,  469. 
mineral  belts  of,  Becker,  viii.  209. 
Mineralogical  Reports,  v.  392;  vii, 
493 ;  ix,  263. 

stratigraphy  of,  xxx,  399. 
ulexite  in.  Blakey  ii.  323. 
vivianite  iu,  iv.  155. 
volcanoes  of,  Ha'jue,  vi.  222. 
CaU.  R.  K,  loss  of  Des  Moines,  iv.  202. 
Quaternary  and  recent  Mollusca  of 
the  Great  Basin,  xxx,  79. 
CcUvin,  S..  fauna  at  Lime  Creek,  Iowa, 

V,  432. 
Campbell,  Survey  in  Georgia,  vi.  411. 
Campltfill,  II.  />.,  tin  ore  in  Virginia,  vii, 
411. 

Potsdam  group,  Virginia,  ix,  470. 
(^ampbelt^  J.  L..   dufrenite  from   Rook- 
bridge  Co.,  Va..  ii,  65. 

geology  of  the  Blue  Ridge,  viii,  221, 

Rogers's  Geology  of  the  Virginias, 

xxx,  457. 
Campbell,  L.,  Life  of  .T.  C.  Maxwell,  ix, 

347. 
(^amphol-urethanes.  physical  istunerism 

of,  vii,  4  S3. 
Camphor,  compound  with  alcohol,  i.  400. 
Canada,  apatite  of.  viii,  74, 


Canada,  ooals  and  lignites  of,  xxx,  77. 
geological  reports,  i,  243,  410, 506- 
iv.  151  ;  vii,  410;  ix,  265,  340,  408- 
xxx,  77,  241. 

glacial  deposits  near  Bow  Hirer,  jr 
408. 

markings,  Andrews,  vi,  99. 
phenomena  of    the   Hudson's 
Bay  Region,  xxx,  242. 
lazulite  from,  i,  410. 
meneghinite,   tennantite  from.  riL 
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244. 

displacement  througli  intni8ioQ,iix. 
374. 

igneous  rocks  of  Nevada,  xxx,  388. 

geology  of  Sc()tland,  xxx.  392. 
of  Minnesota,  xxx,  396. 

Life  and  character  of  L.   AgawiL 
xxx,  406. 
Daniel  1,  A.,   Principles  of  Physics,  vii. 

487. 
Daniell  cell,  new  form  of,  ix,  257. 
Darton,  N.  J  I.,  new  locality  for  Hayesioe. 
iii,  458. 

fossils  of  Orange   county,  N.   Y.. 
xxx,  452. 
Darwin,   C.    Power    of   movement  in 
Plants,  i,  245. 

memorial  fund,  iv,  159,  239. 
Dai'win,  F.,  movements  of  leaves  in  the 

light,  iii,  245. 
Danoin,  G.  If.,  tidal  friction,  i.  402. 

stresses  caused  by  continents  and 
mountains,  ii,  317;  iv,  256. 

lunar  disturbance  of  gravity,  iii,  49. 

rigidity  of  the  earth,  v.  464. 
DaiLhrett,  joints  in  strata,  iii,  63. 

substances  from  *'fort.«  vitrifies."  ii 
150. 
Davis,  W.  M.,  Triassic  trap  of  CooDecti* 
cut  and  New  Jersey,  iv,  345 ;  v.  4"i 

Becraft's  Mountain,  vi.  381. 

non-conformity  at  Rondout,  N.  T.. 
vi.  389 

gorges  and  waterfalls,  viii.  123. 

distribution  and  origin  of  dramlini. 
viii.  407. 

^<dolQ^ical  pai)er8,  noticed,  iv,  230. 
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Davis,  W.  M„  Whirlwinds,  Cyclones  and 

Tornadoes,  viii,  151. 
Dawkins^  W.  B.j  antiquity  of  man,  iv.  i 

314. 
Dawwn^  G.  Jf.,  geology  of  Peace  River 
region,  i,  391. 

geology  of  British  Columbia,  ii.  75. 
glacial  deposits  in   central    North 
America,  ix,  408. 

geological  map  of  British  Columbia.  | 

L  80.  ; 

Dawson,  J.  W.,  structure  of  Uphanticnia.  \ 

ii.  132.  : 

Erian  tlora  of  the  United  States,  iv.  ; 

338.  488.  I 

skeleton  of  a  whale  from  Ontario,  v. 

200. 

erect    Carboniferous    trees.    Nova 
Scotia,  V,  478. 

Unsolved  Problems  in  Geology,  vi, 
325. 

Cretaceous  and  Tertiary  Floras  of 
British  Columbia,  vii,  410. 

Prehistoric  man  in  Egypt  and  Syria, 
viii,  158. 
Day,  D.  F.,  Catalogue  of   the    Plants  of 

BufiEalo,  vii.  415. 
De  Bary.  A.,  Morphologic  uud  Physiol- 
ogic der  Pilze,  ii,  324. 

Comparative  Anatomy  of  the  Phan-  j 
erogams  and  Ferns,  ix.  72. 
De  Candolle,  Monographic  Phaenogama- 
rum,  ii,  235;  v,  481. 

origin  of  Cultivated    Plants,  v,  241,  | 
370;  vi,  128;  ix,  267. 

Botanical  nomenclature,  vi,  417. 
Heredity  and  Selection  in  the  Hu 
man  Species,  ix,  265. 
Delaware,  drift  in,   Che-stt^r,  v.   18.  436;  ' 
vii,  189,  ix,  36.  1 

Delesse.  Revue  de  Geologic,  i,  244. 
Density  of  iron  before  and  after  fusion. 
i.  147. 

of    liquids   at    high   temperatures. 
XXX,  380. 
Derby,  0.  A»y  geology  of  the  diamond, 
iu.  97 ;  iv,  34. 

gold-bearing  rocks  of  Brazil,  iii.  178. 
Brazilian  martite.  iii.  373. 
Brazilian  minerals,  vii.  73;  ix.  70. 
decay  of  rocks  in  BraziL  vii.  138.      , 
flexibility  of  itacolumite,  viii,  203.     ; 
gold  in  Brazil,  vhi,  440. 
^e  Santa  Cathariua   meteorite,  ix.  | 
33,  496. 
Descartes  on  Cosmology,  i.  80. 
Dextrose,  transformation  of,  into  dextrin. 

ii,  72. 
Diamond,  combustion  of  the.  vii.  317. 

see  Geoloot  and  Minkuals.  | 

Dictionary  of  Altitudes,  Gannett,  ix,  424.  ■ 


Dictionary  of  the  Exact  Sciences.  Poggen- 

dorf,  ii,  245. 
Dielectricity,  constant  of,  vi,  146. 
Diffraction  bands,  Jforeland,  ix,  5. 

grating,  coefficient  of  expansion  of 
MendenhaU.  i,  230. 
gratings,  iv.  63. 

curved!  vi,  67.  87.  214. 
Diffusion  of  solids  into  solids,  iii.  409. 
Digestion  experiments.  Armsby,  ix,  355: 

XXX.  88. 
Diller,  J.  S.,  fulgurite  from  Mt.  Thielson. 
viii,  252. 

octahedrite  as  an  alteration  product 
of  titanite,  viii.  ;234. 

topaz  from  Stoneham.  Me.,  ix.  378. 
Dinocerata.  see  Geology. 
Dinosauria.  see  Geoloot. 
Dissocioscope,  iii,  235. 
Distillation  of  coal  tar.  Lunge,  v.  151. 
Dixon,    A.,   the  ash   of   epiphjrtes.    iv. 

299! 
Dodge,  W.  W..  Lower  Silurian  fossils  in 
Maine,  ii.  434. 

Mencvian   argillites    at    Braintree. 
Mass..  V,  65. 
Dotlter,  C,  volcanic  rocks  of  the  Cape 

Verde  Islands,  v,  393. 
Dcering,  D.  A.,  Geology  of  the  Rio  Negro. 

Patagonia,  vi,  410. 
Domeyko,  I..  Mineralojia,  i.  161. 
Dottglas,  J.  Jr.^  Lunge's  Manufacture  of 

Sulphuric  Acid.  i.  75. 
Doweil,  B,   F..   Walter-level   in   lakes  of 

Oregon,  i.  415. 
Draper,  H..  photographs  of  spectrum  of 
comet  of  June.  1881.  ii,  134. 

photographs  of  spectrum  of  nebula 
of  Onon.  iii.  339. 

use  of  carbon  bisulphide  in  prisnis. 
ix.  269. 

obituary  of  v,  89. 
Astronomical  Medal,  v.  482. 
Draper,  J.  W.,  phosphorograph  of  a  so- 
lar spectrum,  i.  171. 
Drops  floating  on  water,  iii,  50. 
Druuilins.  see  Geology. 
Duolaux.  influence  of  sunlight  on  Micro- 
coccus. XXX,  489. 
Dun.  \V.  A..  Ohio  Floods,  ix,  262. 
Duncan,   \\   M..   Arctic  Echinoderinata, 

iii.  247. 
Dunningtxm,  F.  I\.  minerals  from  Amelia 

Co.,  Virginia,  iv.  153. 
Dust,  fogs  and  cloud.s  i.  237. 
so-called  cosmical,  ii,  86. 
see  Sun-gloves. 
DiUhn,  C.  K,  arid  climate  of   Western 
United  States,  ii,  247. 

Fi.sher's    Physics    of   the    Earth's 
Crust,  iii,  283. 


510 


OEKBRAL   IKUEX. 


ri4 


Button,   a  R,  Tertiarv  history  of  the 
Grand  Cafion  district,  iv,  81,  482. 

volcanoes  of  the  Hawaiian  Islands,  ; 

V,  219;  XXX,  487.  ! 

effect  of  a  wanner  climate  on  gla-  ; 

ciers,  vii,  1.  | 

Dwight,    W.    B.,   fossils  in  Wappinger 

Valley  limestone,  i,  78;  vii,  249. 


Earle,  J.,  Kn^lish  Plant  Names,  ii,  491. 
Flarth,  density  of,  iii,  51. 

physics  of  crust  of,  iii,  283. 
rigidity  of,  Barwin,  v,  464. 
stresses  in,  Danoin,  ii,  317 :  iv,  256. 
structure  of,  Stiess^  vii,  151. 
temperature   of  the    hemispheres, 
Ferrel  iv,  89. 

velocity   of,   as   affected   by  small 
bodies  passing  near  it,  Newton,  xxx, 
409. 
Karth-moon  system,  evolution  of,  Haugh- 

ton,  iv.  335. 
Earthquake  in  Ischia,  iii,  337;  vi,  473; 
viii,  312. 

in  Middle  and  Eastern  States,  viii. 
242. 

Phillipino  Islands,  i,  52. 
reported,  atC'araccas.  vi,  79,  155. 
Eartliquakes   American,  etc.,  Rockwood, 
i.  198;  ii,  289;  iii,  257,  337;  v,  353: 
vi.  155;  vii,  358;   \iii,  242;  ix.  425. 
Japanese,  ii.  468;  v.  361. 
in  Spain,  Rockwood.  ix,  282. 
of  Swiizerland,  iii,  337. 
see  also  under  Geology. 
Earths,  metals  of  tlie  rarer,  iii.  412. 
Eastman.  J.  It.  solar  parallax  iii,  160. 
meteoric  iron  from  Grand  Rapids, 
viii,  299. 
Eaton,  D.  C,  botanical   notices,   i,  330; 
iv,  156. 

Fa  Flow's    New   England   Algae,    ii, 
158. 
Ebonite,  tranjsparency  of,  ii.  148. 
Eclipse,  ace  '"^un. 
EdisDn's  electrical  inefrs,  iii.  52. 

tasimoter.  Mendenhntl.  iv.   43,  433. 
Edwards.  A.  M.,  **  Blake*  Crustacea,  li, 

413. 
Egypt.  prehist<:)ric  man  in,  vUi.  158. 
Eichler.    A.   W..  Jahrbuch    dos   botani- 
echcMi  Gartens,  iii,  70  ;  v,  479 ;  ix,  266. 
female  flowers  of  Conifene.  iii,  418. 
Flora  Hrasilieusis.  v.  162. 
Elasticity  and  motion,  ii,  396. 

of  solids,  vii.  140. 
P'lectrical  absorption  of  crystiils,  ii,  147. 
accumulator,    ii.    75;  iii,  414,  415; 
y\,  319. 


Electrical  battery,  irregularities  in  action 
of,  xxx,  34. 

observed  and  calculated  force 
^f.  viii,  452. 

the  Daniell,  ix,  257 ;  the  9mee. 
V,  268. 
congress,  v,  79;  viii  71. 
current,  measurement  ot  Cheestmn. 
viii.  117;   Trowbridge,  ix,  236. 

by  silver  voltameter,  viii,  224. 
currents,  alternating  produced,  iz. 
377. 

apparatus  for  <]etermination  of 
Foucault's,  vi,  320. 

effect  of  on  thinning  of  films, 
ix,  334. 

magnetic  effect  on.  v,  216;  vi, 
477;  vii,  486;  HaO,  ix,  117. 

of  earth's  surface,  vii.  237;  viii, 
71. 
exhibition  at  Philadelphia,  viii,  225: 

Paris,  il  395;  viii,  310. 
furnace,  Cowles,  xxx,  308. 
lamps,   incandescent,   deposits  in. 
xxx,  314. 

radiation  from,  iz,  494. 
light,  absorption  of.  by  the  atmos- 
phere, iv.  287. 

lighting,  distribution  of,  over  great 
distances,  ix,  59. 

lights,  cost  of,  V,  150. 
machines,  dynamo,  li,  484;  iii,  14": 
vii,  57. 

measurements,      photography     in 
Trowbridge  and  Hayes,  ix.  374, 
meters.  Edison's,  iii,  52. 
piles,  (thermo-electric),  ix.  495. 
potential  difference  of.  iii,  487. 

of  the  air,  ix,  403. 
rays,  reflection  of,  iii,  413. 
resistance,'  expression  of.   Nijfhfr, 
vii,  465. 

of  distilled  water,  ix,  256. 
of  gases,  iii,  321.  487. 
of  metals,  influence  of  light  on. 
Boatwick.  viii,  133. 

of  a  vacuum,  iii,  149,  487. 
unit  of.  see  ohm. 
shadows,  FXne  and  Magie.  i.  394. 
spark,  vision  by,  St^vejis.  iv.  241. 
tension  of  mercurv.  iv.  61. 
units,  iii,  241  ;  iv,  *62.  310  ;  xxx.  22: 
see  ohm. 
Electrical  Works  Noticed — 
Elementary  Lessons  in  El€*ctricity  and 
Magnetism,  S.  P.  Thompson,  iii,  241. 
Notes   on   Thompson's   I^essons, 
Murdoch,  vii,  320. 

Treatise  on  Electricity,  MaxvtU. 
iii,  149. 
La  Lumidre  Electrique,  iii,  250. 
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Electrical  Works  Noticed — 
Magneto-  and  Dynamo-Electric  Ma- 
chines, Krohn,  Higgs,  ix,  336. 
Magneto-elektrischen    und    djnamo- 
elektrischen  Masehinen,  etc.,    OUu- 
er-DeCew,  v.  151.  • 
Mathematical  Theory    of   Electricity 
and  Magnetism,  Watson  A  Burbury, 
XXX,  241. 
Measurements  in  Electricity  and  Mag- 
netism, Gh^ay,  vii,  487, 
Physical  Treatise  on  Electricity  and 

Magnetism,  Gordon,  i,  140. 
Treatise  on  Electricity  and  Magnetism. 
Mascart  and  Jottberi,  vi.  148. 
Electricians,  conference  of,  vii.  159;  viii. 

386. 
Electricity  and  light,  iv,  145. 
applications  of,  i?,  310. 
as   the  equivalence  of  a  chemical 
process,  iv,  286. 

atmospheric,  vii,  144;  viii,  70. 
B.  A.  unit,  Fletcher,  xxx,  22. 
conduction  of.   in  rarefied  air,  ix. 
336. 

conservation  of,  ii,  74,  148. 
due  to  evaporation,  vi,  145. 
earth  currents,  vii,  237  ;  viii,  71. 
Hall's   phenomenon,    vi,   477 ;    vit, 
486;  ix,  117. 
heat  and.  ix,  60. 
inertia  of,  iii,  240. 
influence  of  surrounding  gas  on  pro- 
duction,   by   induction-machines,  vii, 
316. 

International  Exposition  of,  i,  164. 
storage  of.  ii,  75 ;  iii,  414,  4)5  ;  vi, 
319. 

Thomson  effect,  Trowbridge  and  Pen- 
rose, iv,  379. 

"transfer  resistance"  in  voltaic  cells. 
xxx,  238. 

transmission  of  power  by,  ii,  397  ; 
V.  469. 
Electrification  by  evaporation.  Freeman, 

iii,  428. 
Electrodes,  disintegration  of,  iii,  240. 

metiliic  in  hydrogen,  i,  323. 
Electro-dynamic  balance,  ii.  398. 
Electrolysis,  quantitative  determination 

of  metals  by,  ix,  164. 
Electrolytes,   dielectric  polarization  in, 

ill,  321. 
Electro-magnetism,  theory  of,  iii,  240. 
Electrometer,  new  capillary,  vi,  477. 
Electrometric  measurements,  viii,  390. 
Electromotive  force,  v,  76. 

of  a  Daniell  cell,   Carhart  viii,  374. 
Elements,  specific  heat  of,  ix,  331. 
Elephant  pipes  in  the  Museum  at  Daven- 
port, Iowa,  ix,  411. 


Elevations,  supposed,  of  New  England 

Coast,  i,  77. 
Eikin,  W.  L.,  Heiiometer  determinations 

of  Stellar  Parallax,  viii,  404. 
Elliott,   H.  W.,   Seal-islands  of  Alaska. 

iii,  334. 
Elliott,  J,  B.,  age  of  the  southern   Ap- 
palachians. V.  282.    , 
Ellis,  G.  E.  R..  Introduction  to  Practical 

Organic  Analysis,  xxx,  168. 
EUis,  W.,  magnetic  declination  and  sun 

spots,  i,  238. 
Elwes,  J.  L.,  Monograph  of  the  Genus 

Lilium.  noticed,  v.  82. 
Emerson,  B.  K,  dyke  of  EUr^lite-syen- 

ite  in  New  Jersey,  iii,  302. 

diabase   intersecting    zinc  ore.  iii, 

376. 
the  Deerfield  dyke  and  its  minerals. 

iv,  196,  270,  319. 
Emerton,  J.  H.,  the  cobwebs  of  Uloborus. 

V,  203. 
New  England  Therididse,  iv,  477. 
Emmons,  S.  ¥.,  Geology  and  Mining  In- 
dustry of  Leadville,  iii,  496 ;  iv.  64. 
Precious  Metal  Deposits,  xxx,  487. 
Engelmann,  0.,  female  flowers  of  Coni- 

ferae.  iii,  418;  iv,  233. 

Isoetes  in  North  America,  iv.  72. 
Engineering,  materials  of.  Thurston,  viii. 

405. 
Engineers.  Report  of  Chief  of,  i.  84. 
England,  geological  map  of,  v.  3 1 0. 
Engler.  A..  Kntwickelungsgeschichte  der 

Pflanzeuwelt.  iv,  72;  v,  394. 
Botanische  Jahrbiicher,  iii,  71. 
Eumengem,    E.  V.,  Researches   on    the 

Structure  of  Diatomaceae.  vii.  41G. 
Entomological  Bulletin,  ii.  415. 
Reports,  v,  240;  vii,  417. 
Ernst,  A.,   earthquake   at   Caraccas.  vi. 

79. 
Ethane,  illuminating  power  of,  xxx.  150. 
Etberidge.  R.,  Presidential  Addresses,  ii. 

410 ;  iv.  230. 
Ether,  motion  of.  ifichelson,  ii.  120. 

nature  of.  Hunt.  iii.  123. 
Ether,  slow  combustion  of,  vi,  67. 
Ethers,  indices  of  refraction.  Long,  i.  279. 

silicic,  of  the  phenols,  vi.  241. 
Ethnology,  Report  of  Bureau  of,  ix.  81. 
Ethyl  carbamate,  new  reaction  of.   vii. 

483. 

peroxide,  v.   147. 
Europe,  red  diluvium  of.  i.  155. 
Evaporation  and  molecular  weight,  vii. 

233. 
Ewing,  A.  L.,  chemical  erosion  of  lime- 
stone, ix,  29. 
Explosives,   modern,  high.    Eisnler.  viii. 

310. 
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Eye,  sensitiveness  of,  to  color.   Peirce, 
vi,  299 ;  Nichols,  xxx,  37. 

of  trilobite,  injury  to.    Walrott.  vi. 
302. 


Fontaine,    W.  M.^   minerals  in   Amelia 
Co..  Virginia,  v,  330. 

older  Mesozoic  flora  of    Virginia, 
xxx,  162. 
see  also  Opiicff.  '  Fooi-prints,  supposed  human.  Marsh,  vi, 

139. 
Forbes,  S.  A.,  Food  of  Pishes,  i.  338. 
Ford,  S.  W.,  the  genus  Obolella.  i,  131. 
Fter6e  Islands,  geologry  of,  iv,  152.  the  embryonic  forms  of  trilobitei 

Farlow,  W.  G.,  Clathrocystis  on  codfish,  ^      ii,  260. 

i,  85.  !         Primordial    fossils  in  Stuyyesant, 

botanical  notices,  i.    507  ;    ii.    324.  \      N.  Y..  viii,  35. 
492;  iii,  159,  326.  329;   iv,  73  ;  v,  314.  ;  rocks  near  Schodack  Landing,  viii, 

Gymnosporaugia    of    the     United        206,242;  ix,  16. 
Statea  i,  332.  age  of  slaty  rocks  near  Schenectady. 

Marine  Alga.'  of  New  England,  no-        ix,  397. 
ticed,  ii.  158.  Forel,  F.  A.,  atnicture  and  movement  of 

Fauna,  see  Zoology.  glaciers,  iv,  146. 

Favre,  A.,  Ohartof  Drift  and  Glaciers  of  pelagic  fauna  of  fresh-water  lakes, 

Swiss  Alps.  ix.  05.  v,  83. 

/hxo7i,    W.,   dimorphism   in   the   genus  Glacial  Studies,  viii,  400. 

Oambarus,  vii,  42.  Fort»  vitrifies,  materials  from.  ii.  150. 

articles  on  ('rustaeea,  ii,  414.  \  Forwooti,  W.  77..  geyser  action  at  Yellow- 

FerreU  W..  cyclones,  tornadoes  and  wa-       stone  Park,  vi,  241. 
terspouts,  ii.  33.  Fossils,  see  Geology. 

relative  temperatures  of  the  hemis- 1  FovXhe,  S.  (r.,  an  endoparasite of  Noteus^ 
pheres,  iv,  89.  xxx,  377. 

Ferric  hydrate,  colloidal,  vii,  405.  I  Fowler,  J..  List  of  the   Plants  of  New 

Ferns,  see  Botany.  Brunswick,  xxx,  85. 

Fewkts,  J.  W.,  u   (^ercariii   with  caudal    Foye.  J.  C,  Tables  for  Determination  of 
setie,  iii,  134.  '      Minerals,  iii,  418. 

articloH  on  marine  invertebrates,  ii,  '  Frank,  13..  Die  Pflanzenkrankheiten.  vii. 


413.  414. 


416. 


Films,  influence  of   an   electric   current  i  Fraunhofer  lines,  see  Spectrum, 

oil.  ix.  334.  I  Frazer,  P.,  Peach  bottom  roofing  slates, 

Filter  papers,  toughened,  xxx,  157.  ix,  70. 

Fine,  II.  11,    shadows  obtained   during  report  of  Berlin  Geological  Congress. 

the  glow  discharge,  i,  394.  ,      xxx.  454. 

Finlay,  J.  P.,  Tornadoes,  not.,  iv.  407.        Frazitr,  B.  W,,  axinite  near  Bethlehem. 
Fisher,  O..  the  Karth'a  Orust,  iii.  2s3.  Peiin..  iv.  439. 

Flames,  electrii'ity  of,  iv,  144.  !  Freenuvi,  S.  H.,  electrification  by  evap- 

new  arrangement  for  sensitive,  iii.  '      oration,  iii,  428. 

51.  Frtsby,  K.  comet  of  1882,  v.  86. 

FleicJter,  L.  B.,  determination  of  the  B.  i  Frifts,  C.  E..  new  form  of  selenium  cell. 

A.  unit,  xxx.   22.  '      vi.  465. 

Flint,  A.  Ii.,  variation  in  length  of  bars    Fuchs,  T.,  disti-ibution  of  oceanic  life  in 

at  freezing  point,  v.  448.  |      depth,  v.  163. 

Floating  biKiics.   attractions  and  repul-  •  Fulgurites   from    Mt.    Thielson.    DiUer, 

sions  of.  lA'Contt,  iv.  41 G;  vii,  307.  viii,  252. 

Flood  of  the  Oliio  Kivcr.   1884.    Dana.  in  the  high  Alp.s.  ix,  415. 

vii.  419.  Furman,  J.  II..  copper-bearing  region  in 

Horida.  geology  of,  Smith,  i.  2J»2.  northern  Texas,  iii.  65. 

numuiulitic  <leposiis  in.  iv.   29-1 :  v.    Furnace,  the  electrical.  Cowles.  xxx.  308. 

158.  Fusion,  modes  of,  ii.  220. 

Khin<xvros  and  1  lippotheriuin  from,  see  iMtiny. 

ix.  41S. 

reefs,  geology  of.  Atjassiz.  vi,  408.  ,                                   ^ 

Fluorine,  free,  in  fluor  i^par,  ii.  7 1 .  ^ 

Fogs,  clouds,  dust  and.  i.  237.  Gabb.  \V.  M..    ('aribl>eaii  Miocene  Fo** 

Fog-signal.^,    soundless  zone.<3    near.    iv.  sils.  ii.  77. 

470.  Gage.  A.  P..  Klementa  of  Physics,  v.  3S3. 
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<4ape.  S.  II..  Aiijitoiuical  Tochnology,  v, 

GalvuDie  elements,  chemical  energy  and 
electromotive  force  of  different,  i,  74. 
<^alvanometer,  aperiodic,  vii.  57. 

for  powerful   currents.    Brnr.kei4,  i. 
:i95. 

new,  ix,  167. 
Galton,  F.,  Life-History  Album,  viii.  78. 
GanneUj  H.,  the  timber-line.  iii.  275. 
Dictionary  of  Altitudes,  ix.  424. 
Gardiner,   J.   T.,  Report  of  New  York 

State  Survey,  iv,  318;  vii,  418. 
Gardiner^  W.,  water-glands  and   necta- 
ries, viii,  240. 
Gardner^  J.   S.,  Can  underground  heat 

be  utilized?  xxx,  317. 
Garman.  S..  New  Reptiles  and  Fishes, 

li.  162. 
Gas.  moisture  in,  Morley,  xxx,  140. 
analysis,  apparatus  for,  v,  74. 

under  greatly  diminished  pres- 
sure, viii,  454. 

ooal.  determination  of  sulphur  in.  v, 

densities,  determination  of,  iii,  409. 

isentropic  curve  of,  Nipher,  iv.  138. 
Gases,  absorption  of  dark  heat  rays  by, 
I  236. 

action  of  radiant  heat  on.  i,  323, 
324. 

and  vapors,  diffusion  of,  viii.  70. 

apparatus  for  liquefying,  iv,  143. 

diffusion  of,  iv.  392. 

electrical  resistance    of.    iii.    321, 
487. 

kinetic  theory  of,  ix,  255. 

influence  of,  on  reflecting  surfaces, 
i.  140. 

in  smoky  quartz,  i.  203,  209. 

magnetic  rotatory  polarization  of, 
i,  139. 

reduction  to  normal  volume,  vii,  315. 

under  electrical  discharges,  i,  76. 

viscosity  of,  iii.  239 ;  ix,  59. 
Ghikiej  A.,  lava -fields  of  Europe,  i,  145. 

on  the  Dimetian,  etc..  v.  478. 

crystalline   rocks    of   the   Scottish 
Highlands,  ix,  10. 

Director-f^eneral  of  geological    sur- 
vey of  Great  Britain,  iii.  338. 

Geological  Sketches,  iv,  1 53. 
GtUdt,  J.,  physical  features  of  Scotland, 

XXX,  159. 
Geissler  thermometers,  i,  449,  45 1 . 
Oenth,  F.  ^.,  contributions  to   mineral- 
ogy, iv,  398. 

vanadates  and  iodyrite  from   New 
Mexico,  XXX,  81. 

Pennsylvania  Geological  Reports,  v, 
310,  473. 

3 


(leograpliical    Congress.     International. 

i,  337. 
Geological  Atlas  of  Panther  Creek  Basin. 

V,  388 ;  vii,  407. 

of  Pennsylvania,  ix,  340.  496; 

XXX,  160. 
chart  of  Yellowstone  Park,  i.  244. 
colors,  and  terms,  i.  326. 
Congress,  at  Berlin,    viii,    78.    318; 

ix.  496;  xxx,  454. 

at  Bologna,  i,  325;  iii.  150:  vi. 

410. 
maps  of  British  Columbia,  i,  80. 
of  British  Islands,  v.  310. 
of  Morida.  i,  305. 
of  the  Territories,  {Hayden^s). 

vii.  163. 

of  U.  States.  Hitchcock,  i,  505  : 

McGee.  xxx.  244. 

flecord  for  1878,  iv.  408. 
Geological  Reports  and  Suryeys — 

Alabama,  E.  A.  Smith,  for  '79,  '80,  ii. 
80;  V,  311. 

Brazil,  Paleontology,  iv,  153. 

Canada,  A.  R.  C.  Selwyn,  Director. 
for'78-'79.  i,  243,  410  (Dawson, 
/  Hoffmann);  for  New  Brunswick,  i, 
506;  for  '79,  '80,  iv,  151  (Dawson, 
etc.):  for  '80-'82,  vii,  410;  Macoun's 
Catalogue  of  Plants,  ix,  266;  geol. 
map.  ix,  340;  for  '82-'84,  ix,  408 
(Pearl  R.,  Dawson);  xxx,  77  (Hoff- 
mann), xxx,  241  (Bell,  Ells,  etc.) 

Colorado.  J.  A.  Smith,  i,  408. 

(Jeorgfia,  Campbell  and  Ruffner,  vi. 
411. 

Illinois.  A.  H.  Worthen,  vol.  VII.  vi, 
414,  483. 

India,  Economic,  Ball,  iv,  151. 

Indiana,  J.  Collett,  i,  166,410;  ii,  78; 
iv,  293;  viii.  314. 

Minnesota.  N.  H.Winchell,  W.  Upham, 
for  1880.  iii,  62,  64;  1881,  v,  88, 
155;  for  1882.  viii,  155,  vol.  I,  of 
final  Rep.,  viii.  316.  Crustacea,  viii. 
322 ;  ix,  68  :  for  1883,  Upham,  flora, 
viu,  472;  for  1884,  xxx,  396. 

New  Brunswick,  see  Canada,  above. 

Newfoundland,  v,  88. 

New  Jersey,  G.  H.  Cook,  for  '80,  i, 
409,  ii,  77;  for  '81,  iii.  325;  for 
'82,  V,  383 ;  for  '83,  vii,  408 ;  for 
'84,  xxx,  161. 

N.  York,  James  Hall,  paleontological, 
V,  391.  viii.  234. 

N.  Carolina,  i,  410. 

Northern  Pacitic  R.  R.,  Scientific 
Survey.  R.  Pumpelly,  iv,  237,  vii, 
246  (maps). 

Ohio,  Part  1.  Zoology,  v.  311;  vol. 
v.  Economic  Geology,  Ortan,  ix.  68. 
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Geological  Reports  and  Surveys — 

Peannylvania.  J.  V.  Fjesley,  Director, 
i,  I5;i  (Lesley.  Carll),  i,  241  {Ash- 
burner,  Bradford  oil  district);  i,  S29, 
viii,  470  (coal  flora,  LesquereiiiC) ;  i, 
409.  ii,  78  [Carll  Chance,  Phtt),  ii, 
152  (Plait)\  ii,  485  {PlaU,  McCreaih. 
While,  Piatt) \  v,  157;  310  [Steven- 
son^ Chance,  White,  Hall,  Genth)\ 
V,  387  (Atlas  of  the  Panther  Creek 
basin);  v,  471  (White,  Chance, 
Hall)\  vii,  69  [Prime,  Chance,  San- 
ders. Hall);  vii,  71,  Chance,  d^lnril- 
Hers,  Carll):  vii,  149  (White);  vii, 
407  [Ashburner);  viii,  231  (Lewia, 
toniiinal  moraine,  etc.);  viii,  234 
[d' InviUiers,  Chinee,  Ashbunter) ; 
viii.  396  [d^InnUiers,  Ewing,  Lesley, 
limonite  beds  and  oriprin) :  vii,  470 
(Lesquereux,  coal  flora);  viii,  406. 
ix,  69  [Beecher,  J.  HaU);  ix,  340 
(Grand  Atlas.  Div.  I);  ix.  496  (atlas 
of  Counties);  xxx,  160  (Wo//,  Clay- 
pole,  atlas.  Div   III). 

Portugal,  ix.  417. 

Queensland,  K.  L.  Jack,  i,  159. 

U.  S.  Survey  under  Capt.  Wheeler. 
U.  S.  A.,  iv,  149  (White.  Steven- 
son, Laramie.  C^arbonif..  etc.) 

U.  S.  Survey  under  Dr.  Hayden.  i, 
244.  (Oeol.  charts);  i,  32H  [Gray, 
Hooker,  ('ope);  ii,  408,  409.  [Copt, 
Scudder):  iii.  153  (Packard):  iv, 
401  [Allen,  Grote);  vi,  243  (Peak 
on  the  Geysers);  vi,  409.  (12th 
Ann.  Uep.)  vii,  153  ((Jeol.  map); 
ix,  260,  xxx.  295  (Cope,  Tertiary 
Vert.  Ijesquernix.  Cret.  and  Tert. 
flora). 

U.  S.  (Jeol.  Survey,  (;.  King,  Director, 
Ist  Ann.  Rep.,  ii,  487  ;  iv.  64  [Em- 
mons. Leadville);  iv,  81,  482  [But- 
ton, Grand  Caflou);  vi,  414.  479 
[liecker,  Washoe);  viii,  462  [Irring, 
I'opper-hearing  rocks);  xxx,  318 
(Lord,  (.'onistock  Mining  and  Min- 
ers). 

IT.  S.  Survey  under  .T.  W.  Powell. 
Rep.,  bv  Newton  and  Jennev  on 
the  Black  Hills,  ii,  399. 

U.  S.  Geol.  Survov,  J.  AV.  Powell.  Di- 
rector, Bulletins,  iii,  382  (White); 
iii,  452.  iv.  120.  281,  [Cross  and 
imiebrand);  iv.  ^(i A,  (Gilbert,  meas- 
uring heights);  v,  139.  vi.  76, 
(Cross,  andesite);  v,  206  [WhiU. 
Glacial.  Upper  Mo.);  v,  311.  392 
( Whitf,  non-marine  fossil  mollusks); 
V,  401  [Irving,  sandstones);  v,  411 
( White,  Green  R.  group) ;  vi.  24 
(White,  burning  of  lignite);  vi,  120 


Geological  Reports  a.vd  Scrvkts— 
( White,  Laramie  flora),  vi.  150  (Oi]. 
ben,  L.  Bonneville);  vi,  271  (Crw 
<fc  Hillebrand,  Cryolite,  &c.) ;  vi,  482 : 
vii.    64   (2nd    Ann.    Rep..    Haffue. 
WalcotU   etc.);    vii,    66  (.Sd    Rep.. 
Hayue,  Marsh,  Russell,  White);  vii, 
75  (  Williams,  U.  S.  Min.  Reaonroes); 
vii.  94  ( f.^oss,  Sanidine,  topaz) ;  vii, 
349   [Hillebrand,    Lollingite);    viii 
20  [Clarke  &   Chatard,  Minerals); 
viii,  228  [Chamberli.,  glacial);  viii, 
401  [Russell.  L.  I^hontan);  ix.  169. 
1 7  3  [Marsh,  Dinocerata) ;  4 1 6  ( HW- 
cott.   Pal..  Eureka  Distr);  xxx.  79 
[White,    Russell,    Call);    xxx,   162 
(Fontaine.  Mesozoic  Flora);  xxx,  244 
[McGee.  map);  xxx,  248  (X.  A.  Eth- 
nology) ;  xxx,  388  [Hague  &  Iddingt) 
Washoe   rocks);   xxx,    390  [E.  S. 
/>ontt,  Thinolite);  xxx,  .399  (5teikcr. 
California   Strat.);    xxx,   486,  4th 
Ann.  Rep.  [Dutton,  WiUiams.  R^ 
sell). 

Virginia,  W.  B.  Rogers  (reprinted)  ii. 
414;  xxx,  357. 

Wisconsin,  vi,  483  ;  vii,  146. 

Wyoming,  etc..  vi.  241. 
Geological  Society.  American,  iv,  69. 

of  London,  vii,  421. 
GKOLOcn* — 

work  on,  Packard,  iii.  418. 

Abrasion  by  wave  action,  Dana,  xix, 
10.3,  176.  184. 

Aerial  formations,  xxx.  78. 

Aetosauria,  Marsh,  vii,  338. 

Age.  fossils  as  a  criterion  of,  viii,  315. 
kinds  of  rocks  as  a  criterion  of, 
Judd,  xxx,  393. 

Alaska,  notes  on,  Dail.  i.  104;  iv,  61. 

Algues.  Fossiles,  work  on  by  Saporta, 
V.  235. 

AUgemeino  u.  Chemischeof  Roth.  ?ii. 
493. 

Allodon,  Marsh,  i,  511. 

.Mps,  Apuan,  i,  328;  ii,  488. 
disintegration  in.  xxx,  79. 
folds  in.  V,  477  ;  xxx,  79. 
the  great  fault  in,  i.  406. 
Jurassic,  of  St.  Gothard  Tunnel 
i.  405. 

the  occidental,  ix.  417. 
see  Glacier. 

Alteration  of  superficial   depoflits.  bj 
surface  waters,  ii.  80. 

Alveolites,  Thompson,  ii.  235. 

.Americas,  denudation   of,   Reade.  ix. 
290. 

Ammonites  in  the  Tejon  group  of  (S\' 
ifornia,  iv,  152. 

Amyzon  shales.   Cope.  i.  328. 
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Gbologt — 

Anohisaiirus.  Marsh,  ix.  169. 
Anguilla  bone  cave.  vii.  71 ;  xxx.  180. 
Add  Arbor.  WinchsU,  xxx.  315, 
Annelid  jaws  from  the  Weniock  and 

Ludlow  of  England,  i.  244. 
Annelids.  Silurian  of  Gotland,  v.  392. 
Anthracite  field  of  Pennsylvania,  sur- 
vey ot  I.  154;  ii.  152;  v,  157.  .387; 

vii.  407. 

of  Colorado,  iii.  64. 
in  SoDora.  Mexico,  iv.  399. 
mining.  iL  152. 
Anthraoopupa.  Whitfield,  i.  126. 
AntUtz  der  Erde.  work  on,  Suess.  vii. 

151;  ix.  418. 
Apatite  of  the  Canadian  rocks.  Vennor. 

Tin.  74. 
Appalachians,  age  of.  Elliott,  v.  282. 

materials  of.  xxx,  3 1 6. 
Aralo-Caspian  basin,  xxx,  243. 
Archaeau,  divisibility  of,    Irving,    ix, 

237  ;  on  subdi vision s  ot    Whitney. 

viii.  313. 
Archaeopteryx.  the  Berlin,  viii,  465. 
Argillite    of    Newfoundland.     Wada- 

loorth,  viii.  101. 
Arg^llites,  Braintree.  Dodge,  v.  65. 
Arvouian  formation,  v.  478. 
Azoic  Svsteni.  work  on,  Wfiittiey.  viii. 

313.  ' 
Bferocrinus.  Wachamuth  and  ^winger. 

vi,  365. 
Bavarian  Geology,  work  on.  Giimbel. 

viii.  317. 
Becraft's  mountain.  Davis,  vi.  381. 
Be<lding.  origin  of,  Dana,  viii,  393 
Belgium,    fossilifcrous    metamorphic 

rocks.  V.  234. 
Bermuda,  Rice.  ix.  338. 
Bemardston  fossils,  Whitfield,  v,  368. 
Birds,  Jurassic,  J^arsh.  \.  341 ;  ii.  337. 

toothed,  i,  255. 
Bituminous  matter    in   Ohio  shales. 

Orton,  iv,  171. 
Bitumens,  origin  of.  Ptckiiant.  viii,  105.  , 
Black  Hills.  Newton,  ii.  399. 
Blue    Ridge,     near     Balconv     Falls, 

Cami)bell.x'm.  221. 
Bosnia,  Herzegovina,  Geol.,  /•.  Mojsiso 

vic^.  i.  409. 
Bowlder  clays',  sec  Glacial. 
Brains  of  Tert.  mammals,  vi.  71;  ix,  190, 
Brick-clays     making      erca  in -colored 

bricks  in  Minnesota,  iii.  G4. 
British,    relation      to    Scandinavian,  ' 

Judd.  xxx.  .'>9.'J. 

Columbia,    ii.    75;  ix.  444:  xxx.  i 

79. 
Broutosaurus,    restoration  of.  Marsh. 

yi.  81. 


Geology — 

Buried  vaUeys.  ii.    151,   486;  v.  412; 

vii,  149. 
Buriington  limestone  in  New  Mexico. 

Springer,  vii,  97. 
California,  stratigraphy  of,  xxx.  399. 
Cambrian  in   British  Columbia,  xxx. 
79. 

subdivisions  of.  v.  478;  vii.  321. 
Camptosaurus,  Marsh,  ix.  169. 
Caribbean  Miocene  fossils.  Grabbjii.  77. 
Cat  skill  plateau  continued  in  Pennsyl- 
vania, V.  471. 
Caverns.  American,  work  on,  Hovey. 

iv.  238. 
Centre  County.  Penn..  viii.  396. 
Cephalopoda,  new.  Dvnght.  vii,  254. 

on  genera  of  fossil.    Hyatt,    viii. 
488. 
Ceratosiiurus.    Marsh,   vii.    329 ;  viii. 

161. 
Chalk,  sponge-spicules  fVom,  i.  407. 
Channel-fillings,   Devonian,  WiUiams. 

i.  318. 
Chemung,  fauna  of.    Williams,  v.  97, 

311. 
China.   Work   on.    HichUiofen.  vi.  80, 
162. 
fossil  plants  of.  Newberry,  vi.  123. 
Cincinnati  rocks,  fossils  of.  iii,  65. 
Cirriped,  new  Devonian,  Clarke^'w.  55. 
Claiborne,  age  of.    ix.    457 ;  xxx.   60. 
266.  270.  300,  421. 
fossils  of.  MeU.  i.  157. 
Clays,  sedimentation  of.  Brewer,  ix,  1. 
Climate  and    eccentricity.   Haughton. 
iv.  436. 

mild  polar.  CVotf.  ix.  20.  138. 
of  later  geological  time.  i.  149,  150: 
iii,  489;  V.  153. 

of  Siberia  in  era  of   Mammoth,  i. 
148. 
secular  changes  in.  ii.  437. 
see  Glacial  Climate. 
Climatic  Changes,  work  on.  Whitney. 

i,  149.  150;  iii,  489;  v.  153. 
Climatichnites  Fosteri.  Todd.  v.  23.S. 
Coal.  Arctic,  i.  157. 

borings  for.  Neb..  Hicks,  ix.  1 59. 
coking,  of  Colorado,  iii,  64. 
field,  Hrazo.«.  Texas,  ii.  152. 
Cafion  Citv.  Col.,  iii.  152. 
Deer  CYeek.  WalcoU.  ix,  338. 
Flora.  Carboniferous.  Lfsqnerenx. 
i.  329,    409;  viii,  470;   see    further 
under  plants. 

regions,     Pennsvlvania.    i.     l.')3. 
329;  ii,  152:  v,  387;  vii.  407:  viii. 
.396.  470;  xx.\.  160. 
Coals  and  lignites  of   the   Northwest 
Territory,  xxx.  77. 
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Coal,  8tru(rturo  of  Carboniferous,  viii,  , 

167. 
Cockroaches,  American  fossil.  Sr.wlder, 
ix.  418. 

Pala^zoic,  Deicfunullfi.  iv,  475. 
•Silurian,  ix,  410. 
(*apluria.  Marsh,  i,  339. 
CtBnoRtroma,  Winchell  xxx.  HI 7. 
Colorado    ('afton,     pre-Carboniferous 
strata  in.  WalcoU,  vi,  437.  484. 

Tertiary  of.  Dution,  iv,  81. 
Com  stock  Lode,  Becker,  vi,  470. 
Cone-in-cone  structure,  youruj.  xxx.  78. 
Connecticut  river,  see  (iLacial. 

sandstone  and  trap,  v.   383, 
474. 
Continents  and  ocean  basins.  (Vosby, 
Dana^  ix,  330. 

origin  of,   Tatflor,  xxx.  249,  31 G; 
A,  Wincheil,  id',  117. 

creation  of.  by  ocean  currents,  ix,  i 
339. 
<'opper  anil   lead  ore  of  Wisconsin.  ; 

onpn  of,  Chambcrlin,  vii.  147. 
Copper-bearing  region  in   Texas,   iii.  ! 
«5. 

roi'ks  of  Lake  .Superior  re- , 
gion,    N.    II.    Winchell.  y,  165;  ix, 
r»7.  339;    Woasfer,  vi\.  \G:i  ;  Irving, 
viii,  4()2;  ix,  258. 
Coral  reefs  of  Cuba,  elevated,  vi.  148. 
of  Florida,  vi.  408. 
origin    of.    Dana,    xxx,    89. 
158,  H>9.  I 

limestone  of   Pacific,   analysis 
■  of,  xxx.  244. 

('orals.     Carboniferous    of    Scotland. 
Thomimon,  viii,  316. 

Niagara  and  Upjjer  Heldcrberg, 
Hall.  iv.  295. 
Paleozoic,  of  Spitzbergen,  ix.  69. 
Cortlandt  Geology.  Dana.W.  103;  viii,  i 
384.  I 

Cosinical  dust,  so-called,  ii.  86. 
Cretaceous  of  Q.  C.  Is.,  i,  243. 

of  British  Columbia,  vii,  410. 
Crinoi<ls.  fossil.  Miller,  vii,  158. 
Pahi'ozoic,   vi.  105.  365. 
Silurian.   Wuchsmuth  and  Spring- 
rr.  v,  255. 

with  articulating  spines,  ix.  339. 
Oustacoa.   new  Devonian.    Clark*',  v. 

120. 
(■uba.  iron -ores  of.  Ki)nlm/l.  viii,  416. 
(Vathophvcus.   Walmtt.  ii.  304. 
Daw.-ioucfla.   Whitfifhl.  i.  125. 
Dcor   (Veek   (H)al   liokl,    Walroti,    ix. 
338. 

horns.  imi»roguaU»d  with  tin  ore. 
ii.  81. 


CiEOLOOY — 

Deerfield  dyke.  Enu^rsatt.  iv.  195.  270. 

349. 
Delaware  gravels.  Chester,  vii,  189;  ix. 

36. 
Denudation  of  the   Americas,  Rende, 

ix.  290. 

in  the   Colorado  region.  Ihtim. 

iv,  482. 
Devonian  Crustacea,  Clarki^.  v.  120. 
rocks  of  Belgium,  v.  234. 
flora,  U.  S..   (Erian),    Ikiw»>n.  ii 

233  :  iv,  338.  488. 
fosaUs  of  New  York,  i,  44. 
of  Penn.,    White,  vii.  150. 
Diabase  intersecting  zinc  ore.  fknir- 

jf07i,  iii,  376. 
Diamond,   geology   of,  Derby,  iii.  97 : 

iv.  34, 
DicloniuB  mirabilia,  Copt.  vi.  7,'». 
Dicotyledons,  Mesozoic.  Ward,Y\\.  292. 
Diet yophy ton.  Whitfield,  ii.  53,  132. 
Didelphys  pygmaea.  Scoti.  vii.  442. 
Diluvium,  gray  and  red  of  Kurope.  i 

155 ;  ii,  80. 
Dimetiad  formation,  v,  478. 
Dinichthys  minor,  Ringiuherg.  vii.  476. 
Dinoceras,   restoration   of.   Mar^  \L 

31. 
Dinocerata,  work  on.   Marsh,  ii.  169. 

173. 
Dinosauria,  classification  of.  Mar^.  i, 

423;  iii.  81;  vi,  85;  vii.  167.337. 
Dinosaurs,  American  Jurassic.  Monk. 

i.  167,  339,    417;  iii,   81;    vi.  81; 

vii,    161,  329;  viii,  161;  ix.  169. 
of  the  Ijaramie.  Cope.  vi.  75. 122. 
Diplodoc»us,  chara«^tera  of.  Marsh,  vii. 

161. 
Diplotheca.  Mattheio,  xxx.  293. 
Dipterocaris,  Clarke,  v.  121. 
Displacement  through  intrusion.  Dana, 

xxx.  374. 
Docodon,  Marshy  i.  512. 
Drift,  see  Glacial. 
Drumlins,  distribution  of.    Pacis.  viii 

407. 
Dust,  cosmical,  it  86. 
Eagle    River,   preglacial   channel  of. 

Whitllesi%  ix.  392. 
Earthquakes  of  the  Great  Basin,  Gil- 

lart,  vii.  49. 
Earth,  rigidity  of,  Darwin,  t.  464. 

Physics  of,  /W<er,  iii,  283. 
Earth's  features,  origin  of,  McGtt.  i 

276;    Wint'.hHl.  xxx.  417;     Teiyfor, 

xxx.  219. 
Ecca  beds  of  iSouth  Afritsi,  viii.  46». 
Echini,  Cretaceous  and    recent,  Jpn.** 

siz.  iii.  40. 
Echinogftathus.   WaloAt,  iii,  213. 
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Economic  Geol.  of  India.  Bn//,  iv.  151. 
Klevations,    supposed,   on    tlio   New 

England  Coast,  i,  77. 
Eocene  of  Wyoming  and   New   Mexi- 
co, iii.  324. 
Eozoon.  controversy  on.  iii,  1 1 8. 
Erian,  see  Devonian. 
Esker,  on  the  term.  Kinahan.  ix.  135. 
Eupboberia,  Scudder,  i.  182. 
Eureka  district.  Walcott,  ix.  4 IB. 
Kurvpterida*.    Carboniferous,  IlalL  ix. 

69. 
Eurypterurt.  new.  iii,  1J1,2I.'{;  ix.  09. 

from  near  HufTalo.  iii,  418. 
Exploration  of  Wyoming,  Forwood.  vi. 

241. 
Faoies  Geologiques,  Renevier.  ix,  262. 
Fteroe  Islands,  iv.  152. 
Faulting.  Becker's  theory  of.  Brownt\ 

viii.  348. 

impact  friction  and,  Becker,  xxx. 

116,  194,  244. 
Faults,  origin  of.  McGee,  vi,  294. 
Fishes,  Devonian,  Whiteaies^  i,  494. 
Flora,    fossil,   general    work   on   by 

Stur,  xxx.  80. 

see  further  under  Plants, 
Florida,  geology  of.  Smith,  i,  292. 
see  also  under  Florida. 
reefs.  Aga.fsiz.  vi.  408;  xxx.  178 
Footprints,  luiman.  in   Nicaragua,  vii. 

239. 

suppostnl  human,  Marsh,  vi.  139.  , 
Foraminifera.  on   fossil.   T.  R.  Jones. 

iv.  69. 
Fossils,  why  are  they  absent  from  pre- 

Cainbrian  strata,  xxx,  78. 
a  criterion  of  geological   e<]uiva- 

lency.  viii.  315. 

raoHuscan  of  Syria,  vii.  490. 

in  metamorphic  rocks,  i.  78.  327. 

406;    iv.    148;    v.    234;     vii,    69; 

(Prime). 
Frenchman's  Bav.  Maine,  iii.  64. 
Frost,    action   of   in   arrangement  of 

earthy  materials,  i,  345. 
Fulgurites,  viii.  252  ;  ix,  4 1 5. 
(iaspi*  peninsula,  rocks  of.  xxx.  242. 
Gastornis  Khissenii.  xxx.  318. 
Geodes.  origin  of,  Dana,  xxx.  376. 
Geodize<i  foj^sils.  Worthen.  xxx,  376. 
Geologische  Briefe,  voni  Ratti.  viii.  101. 
Geysers  of  California,  iv.  23  ;   v,  424  ; 

vi.  L 

Yellowstone  I*ark.  v.  104,  351 ;  vi, 

241.243. 
Glacial,  see  Glacial. 
Glyptocrinus,  v.  255;  vi.  105. 
Gold  in  Brazil.  Drrbtj.    iii.    178:    viii. 

440. 


Geology — 

Graptolites.  Utica  slate.  Booths  vi.  380. 
Gravel,  hillocks  of  angular.  Chamher- 

Kn,  vii.  378. 
Gravels,  Delaware,   Cfiester.  vii,    180: 

ix.  36. 
Green  River  group  in  Montana.  Whitf. 

V,  411. 
Grezzoni  of  Italy,  ii.  488. 
(4ulf  of  Mexico,  i.  288 :  ii.  58. 
dimensions  of,  viii.  320. 
former  connection  of  withParitic 
Ocean,  vii.  157. 
Gypsum  deposits.  Williams,  xxx.  212. 
Ilippotherium.  Florida.  Leidy.  ix.  418. 
Hoplocrinus  and  Hybocrinus,  Warhs- 

muth  and  Springer,  vi.  365. 
Ice.  see  Glacier. 
Idiostroma.  Wincfiell.  xxx.  317. 
Insects.  Carboniferous.    Scudder,  viii. 
470;  ix,  418. 

Devonian,  ScuMer.  i.  111. 
Triassic,  Scudder.  viii,  199. 
Irish  Elk,  deposits  containing,  ii,  408. 
Iron   ore  of  Centre   Co.,  Penn..  viii, 
397. 

ores  of  Cuba,  Kimball,  viii,  4 1 6. 
of  Marquette  district,  ii.  320. 
402,  403. 

of  Mexico.  Sillituan.  iv.  375. 

of  Rhode  Island,  ii,  152. 

origin  of.  A  rclui^n,  Xewh.'rry. 

i.  80;  V.  176:    Wadstoortfi.   ii.    152, 

320,  402,  403;  Julini.  v.  476;  (Vuwi- 

berlin.  vii,  147. 

origin  of  limonite.  Dana.  viii. 
398. 
Itacoluraite.  ftcxibility  of,  Derby,  viii. 

203. 
Jasper  beds  of  Tuscany,  i,  407. 

of  iron  ore   beds.    Wadsworth,  ii. 
403. 
Jointed  structure.   Gilbert,  iii.  25:  iv. 
50;   vii.  47  ;  Kinahan.    iv.    68:     v. 
476;  McGec.  v.  152. 

in  clay  and   marl.    LeConie. 
in,  s.tti. 
Joints,  in  .strata,  near  Paris,  iii.  6:5. 
Jurassic  strata  of  America,  Whitf.  ix. 

228. 
Jura-trias  of  Eastern  North  America. 
Dana.  v.  38:J.  474. 

of  S.  W.  ColoHido.  iii,  243. 
Kame.  .see  I  Glacial. 
Kansas.  Carboniferous.  Broaiihead,  ii. 


55. 


Kaolin  from  (juartzyto.  Dana.  viii.  NO. 
Kaolinization.  Bart/s.  xxx,  DJ3. 
Kettle-holes  near  Wood's  lloll.  M;is.«<.. 
Koous.  vii.  260:  ix,  480. 
at  New  Haven.  Dana,  vii.  li;{. 
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Geology — 
Keweenaw  ore  deposits,  vii.  14*7. 

rocks,  V,  155;  vi.  27,  155,  321 ; 
vii,  463;  viii.  462;  ix.  67.  237,  268. 
339.  • 

sandstones,  enlargements  of  feld- 
spar in.  vii,  399. 
Kreischeria.  a  fossil   Psoiidoscorpion. 

iv.  474. 
Laccoliths.  Ireland,  ii.  152. 
Lake  Agassiz.  Upham,  v,  156;  vi,  327. 
basin,  Tertiary  of  Florissant,  ii, 
409. 

basins,  classification  of,  iv.  230. 
Bonneville,  Gilbert,  vi,  150. 
Krie.  preglacial  outlet  of,  ii,  151. 
486;  viii,  32. 

Lahontan  of  Nevada,  vii,  67. 

thinolite  of,  Dana,  xxx,  390. 
Ontiirio.  terraces  of.  iv,  409. 
Winnipeg,   southward  disci large 
of,  iv,  428;  v.  156;  vi,  327 ;  vii.  34, 
104. 
Lakes,  changes  of  level  in,  i,  415. 

of  Minnesota,  iii.  62. 
Lamellibranchiata  of  N.  York.  Ball,  v, 

391  ;  viii,  234. 
Ijaopterjrx,  Marsh,  i,  341. 
Laramio,  age  of  the,  iv.  150.  152;  vii. 
68. 

commingled  types  of.    White,  vi, 
120. 
Dinosaur  from,  Cope,  vi,  75.  122. 
Molluscs  of.  White,  v,  207. 
of  Canada,  iv.  151. 
of  California,  iv,  152. 
of  New  Mexico,  Stevenson,  ii,  370. 
plants  of.  vi.  1 20. 
Lava-tields  of  Northwestern   Kurope. 

Geikie.  i,  145. 
Leadville,  mines  of.  Emmons,  iv,  64. 
Lenticular  hills,  Hitchcock,  vii,  72. 
Leptophis.  Marsh,  ix,  169. 
liCthpea  Geognostica,  Koemer,  v.  478. 
Lignite,  burning  of,  in  situ.  White,  vi. 

24. 
Lignites  of  the  Northwest  Territory, 

xxx.  77. 
Liirnitic,  see  Laramie. 
Limestone,  erosion  of.  Etoing.  ix.  29. 
coral  of  Pacific,  analysis  of,  xxx. 
244. 

nodules,  deep-sea,  iv.  147;  vi.  245. 
metamorphic  of  Dutchess  Co.  fos- 
ailiferous,  Dwight,  i,  78;  vii,  249. 

of  Orange  I'o..  N.  Y..  fossiliferous. 
Darton,  xxx.  452;  Prime,  vii.  69. 

of  Westchester  Co.,  Dana.  i.  425; 
ii,  \0?,,  :n3,  327. 
oolitic  of  Indiana,  iv,  293. 
Taconic.  Dana,  ix.  210,  443. 


Geology — 

Limonite  ore  beds.  Lesley,  iVIudlUt 

Ewing,  viii,  306 ;   Dana,  viii.  ?9t 
Limuloids.  new   Carboniferous.  Pa 

ard.  xxx.  401. 
Lingula,  from  red  quartzitesof  Mini 

sota.  xxx.  316. 
Liimarssonia.  Walcott,  ix.  115. 
L<')ss  of  Des  Moines,   and  fossils  i 

McGee  and  Cati,  iv,  202. 
Loxolophodon,  Osborn.  ii,  235. 
Macelognatha,  Marsfi,  vii.  341. 
Magnesian,  limestone  of  deep-sea.  y 

245. 
Maine.  Silurian  fossils  in,  ii.  434. 
Mammals.  Eocene  of  New  Mexico. 

408. 
Fossil,  of  British  Museum.  L\ 

dekker.  ix,  348. 
Jurassic,  Marsh,  i,  511. 
Man.  antiquity  of,  Dawkins.  iv.  314 
glacial,  in  Minnesota,  vi.  328. 
Paleolithic,  Delaware  Valley, 

152. 
Marsupial,   new   Miocene.    Scott.  ' 

442. 
Marsupials,   new  Tertiary.    Gope.. 

295. 
Mastodons  in  New  Jersey,  iv.  294. 
Matthevia,  Walcott,  xxx,  17. 
Mediterranean  basin,  in   the   Gbu 

period,  xxx.  243. 
Mcncvian    argillites     of      Brainti 

Dodge,  v.  65. 
Mersey  tunnel.  Readc,  ix.  413. 
Mcsonacis,  Walcott  ix.  328. 
Mesozoic  Flora  of  Virginia,  Fofita 

xxx.  162. 
and  (^nozoic  bibliographv.  Mi 

ii,  234. 
Metamorphic  rocks,  fossils   in.   i. 

327.405;  iv.  148;   v.   234;   vii. 

249;  ix.  70;   xxx,  452. 
Metamorphism.  King  and  Roicn^y. 

418;  Stetemon,  ix,  414. 
see  under  Rocks. 
Millstone  grit.  Chance,  i.  i:i4. 
Minaa  Gcraes,  Brazil,  ii.  221 
Mineral   iKjlts   of   the    Pacifir    sl« 

Rer.ker,  viii.  209. 
Minnesota  valley    in  the   ice    age 

428;  vi.  327;  vii.  34.  104. 
Molluaks.  non-marine  fo.ssil.    v,   : 

vii,  68. 
Carlx)niferous.   Whitjield,  i.  \\ 
descent  of.  White,  iii,  382. 
of  the  Great  Ba.<«in.  Call,  xxx 
Monticulipora.  Nicholson^  iii.  491. 
Moraine,  see  GlncitiL 
Mount  Ijebauon  fotrili,  vttijiM 
Mountain  makings  ■§•..      ^      ~^ 
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Moimtains,  Btresses  caused  by,  ii,  317; 

iv,  256. 
Mt.  Ktaadn,  drift  in,  ii,  229. 
Myriapods.  Carboniferous,  Scudder,  i, 

182;  viii.  470. 
fossil,  Scudder,  iv,  161. 
Namaqualand  schists,  viii,  468. 
New  England  coast,  nature  and  origin 

of  sediments  off,    Verrill,  iy.  447. 
New  Mexico,   formations  and  fossils 

of,  iv,  149. 
New  York   Bay,   submarine  geology 

outside  of,  Lindenkohl,  ix,  475. 
Niagara  River  and  the  Glacial  period, 

Wright,  viii,  32. 
Nicke!  in  Nevada.  Newberry^  viii,  122. 
Nomenclature  of  subdivisions,  i,  326. 
Northern  Pacific  R.  R.,  Newberry,  xxx. 

337. 
Numraulitic  deposits  in   Florida,    iv. 

294;  V,  158. 
Obolella,  Fm-d,  I  131. 
0))sidian,  Yellowstone  Park,  v.  106. 
Odontornithes,  work  on.  Marsh,  i,  265. 
Oil.  origin  of  mineral.  White,  ii.  486  ; 

Xewherry,  iv,  232. 

regions  of  Penn.,  A8?iburner,'\,  242 

(Bradford  Co.) ;     xxx,   160  (maps); 

CarU,\,  154;  ii,  78;  vii,  71. 
Oneida  conglomerate,  v.  472. 
Ore  Deposits,  Phillips,  viii,  469. 
Ores,    deposition  of,  Newberry,   viii, 

465. 

see   Vein-formation. 
Orthocynodon,  Scott  and    Oeiborn,   iv, 

223. 
Osars,  Chamberlin.  vii,  389. 
Pala?ocampa,  affinities  of,  Scudder,  iv, 

161. 
Palseocrinoidea,  Waclismuth  and  Sprin- 
ger,  ii.  494:     vi,    365;    Miller,    vi, 

105. 
Paleozoic  of  Spain,  vii,  491. 
of  Texas,  Walcott,  viii,  431. 
Corals,  Lindstrom,  ix.  69. 
Fossils,  Miller,  iv,  474 ;  v.  240. 
thickness  of  in  Penn.,  i,  242. 
Panther  Creek   basin.   Ashbumer,    v, 

387 ;  vii,  407. 
Pantotheria,  Marsh,  ii.  286,  410. 
Paradoxides  Davidis  in  America,  xxx, 

72. 
Peace  River  region.  Dawson,  i,  391. 
Peach  Bottom  slates,  Frazei',  ix,  70. 
Pebidian  formation,  v,  478. 
Perddse,  new  fossil,  Cope,  v,  414. 
Permiaa  plants  of  Colorado,  v,  1 57. 

▼artebmtefl  of  Texas,  i,  407. 
Petndflnai  of  BittUK  America,  iii,  1 54. 
•19  ■iF'  ^ 


Geology — 
Phenomdnes  d'alteration,   den  Broeck, 

ii.  80. 
Philadelphia  Co.,  v,  473. 
Phosphatic  deposits  in  Alabama.  SmiVi, 

vii,  492. 
Phosphates  of  North  Carolina,  viii.  75. 
Phyllopods,    new  Devonian.    Clarke, 

iii,  476. 
Physical  Survey  of  Georgia,  Campbell. 
vi  411. 

Geography.  Lectures  on,  Haugh- 
ton,  1,  150. 
Plante,  Carboniferous,  i,  329,  409 ;  vi. 
412;  viii,  470;  of  Worcester  Co., 
Mass.,  Perry,  ix.  157. 
of  China,  vi.  123,  153. 
Cretaceous  and  Tertiary,  Lesque- 
reux,  ix,  260. 

Devonian,  Dawson,  ii,   233 ;    iv, 
338,  488. 
Japan  fossil,  Nathorst.  v,  396. 
of  the  Laramie,  White,  vi,  120. 
Lignitic.  Manitoba,  ii,  233. 
of  Mazon  Creek,  viii.  314. 
Mesozoic.  Ward,  vii,   292:    Fon- 
taine, xxx.  162. 
Silurian  of  Wales,  ii,  153. 
Plioplarchus,  Cope,  v,  414. 
Plumulites  Devonicus,   Clarke,  iv,  55. 
Poeciiopod  in  the  Utica  slate,  iii.   151. 
Pot-holes  in  Bronx  Valley,  v,  158. 
at  Gurleyville,  Conn.,  v,  471. 
Potsdam  and  Acadian  groups,  similar- 
ity of,  Whitfidd,  vii.  321. 

and    copper-bearing   rocks,    vii, 
463. 

and  St.  Peter's  sandstones.  Irving, 
V,  401. 
group,  Virginia,  ix,  470. 
sandstone,   sands  of,  iii,  257 ;  iv. 
47;  V,  401. 
Prestwichia.  Devonian,  Williams,  xxx, 

45. 
Primordial,  in  British  Columbia,  xxx. 
79. 

near  the  Hudson  River,  Ford,  viii, 
35. 
Proetus  long^caudus,  Williams,  i,  156. 
Pterodactyls,  American,  Marsh,  i,  342; 

iii,  251;  vii,  423. 
Pteropods,  Paleozoic,  Walcott,  xxx,  17. 
Pterygotus,  Pohlman,  ii.  234 ;  iii,  4 1 8. 
Pyrgulifera,  White,  ix,  277. 
Quaternary    in  Europe,   i.    155;    see 

Glacial. 
Quartz  deposit  made  at  the  ordinary 

temperatures,  viii,  448,  466. 
Quartzyte  and  Silurian  in  Penn.  confof' 
mable,  IMl,  v,  473. 
decay  of.  Danck,  viii,  448;  ix,  57. 
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Queen  Charlotte  Island,  age  of   r(K*k8 

of,   Whlieaves,  ix,  444. 
Queensland  Heoloj^y,  Jack,  i.  ir>J>. 
Receptaculida'.  Uinde.  ix,  (JO. 
Reptiles,  now  order  of,  Marshy  vii.  .141. 
Ueteocriuus,  v,  2r)rj ;  vi.  105. 
Rhinocreros  from    Florida.    Lt-idy.  ix, 

418. 
Rio  Negro,  Patagonia,  Daring^  vi,  410. 
River  channels,  re-eroded,  i.  155. 

valleys  buried,   ii.    151,    480;   v. 

472;  vii,  140. 

iu  Lincolnshire,  vii.  240. 
Rivers,  deflection  of,  Gilbert,  vii.  427 : 

viii,  434. 
Rocks,  see  Rocks. 
Roilents,  Miocene,  ii,  408. 
Rondout,  section  at.  Dfuis.  vi.  389. 
Sahara,  the  Northern,  i,  157. 
St  Gothard  tunnel,  i.  405. 
St.  John  Group,  MaWieivs,  viii.  74  ;  ix, 

419. 
Sand,   formed   from  quartzyte,  Dana, 

viii,  448. 

miniature  domes  in,  viii,  460. 
Sands  of  a   sandstone   crystalline,    i. 

1 52  ;  {Sorbyl  iii,  257  ;  iv,  47  (  Young) 

v,  401  { Irving). 
Sandstones,  induration,  Irving^  vi,  401. 
surface  consolidation  by  atmos- 
pheric action,  Wadsworth,  viii,  406. 
Saurian,  Kocene.  ii,  408. 
Schenectady,  age  of  rocks  near,  ix,  397. 
Schists,  propagation  of  heat  in,  iv.  154. 
Schodack  Landing,   rocks  near,  /brrf. 

viii,  200.  242;  ix.  10. 
Scoq)ion,  Upper  Silurian,  ix.    1 08. 
Scotland's  physical  features,  J.  Geikie, 

XXX,  159. 
Scottish    Highlands.    Geikie,    ix.    10 ; 

PeacJi   and   Iloruie,   ix,    02 ;    Jiidd, 

Sea-bottom  deposits  off   N.  England. 
VerrilL  iv,  447. 

Shetland  Is.,  gluciation.  i.  158. 

Silurian  C'uckroaclie?,    Brongniart.  ix, 
419. 

fossils  of  the  Girvan  Distr.,   Eth- 
er idge,  i.  2  13. 

unoouformal>ility  between   lower 
and  upper,  v.  472  ;  vii,  70,  153. 

Siphonotretu   Scotica.     Whittiires,    iv. 
278. 

Slate,  structure  of.  S^yrhy,  i,  153. 

Soil-cap  motion,  iii.  59  ;  vii,  321. 

Spergf.m  Hill  limestones.   Whitfield,  iv. 
474. 

Spiders.  Taleozoic,  Scudder,  ix,  70. 

Spiraxis.  Newberry,  xxx,  244. 

Spitzbergon  fossils,  XtM^flMHi^lM^. 


(tEOIX)GY — 

Sponge-spicules.  Carboniferous.  I  \bi. 

Cretaceous,  Hinde,  i.  407. 
Sponges,  fossil,  of  the  British  Muf»euTn. 

Jli'nde.  vii.  492. 
Spores.  Devonian,  Clarke,  ix.  284. 
Staten  Lsland  geology,  ii,  488. 
Streptochetus,  Seely,  xxx.  355. 
Sulphur.  Cove  Creek.  Utah,  v.  15s. 
Susquehanna  region,  vii,  149. 
Syenite  in  Mass..  iii,  418;  v,  69:  xxx. 

163. 
Syrian  Molluscan  Fossils,  Hamlik.  vii. 

490. 
Taconic  rocks,  ago  of.  Maroon,  ii,  331 : 
Damu  iv.  291,  viii,  268.  311,  ix,  205, 
437,  xxx,  397  ;  IMl.  viii.  311 ;  m%n\. 
vii,  490  ;    WincJtell.  xxx.  397. 
near  I^ke  Champlain,  ii.  321. 
Taquamenon  Hay.  sandstones  of.  Win- 

chell.  ix,  339. 
Tarsus  der  Vo^rel  uiid  der  Diuosaaner. 

Jiaur.  viii,  160. 
Terminology,  i.  326. 
Ternices  about  Lake  Ontario.  Sjttnar. 
iv,  409. 
and  ancient  coast  lines,  ii.  UP. 
'  (Maiborne.  Mell,  i.  157. 

'  of  Connecticut  and  other  valleys. 

J.  D.  Dana.  ii.  451 ;  iii.  87, 179,  :m\ 
I  iv.  98;  V,  440;    vi.  341;  vii.  113. 

of  Ka.storn  Connecticut,  Koom.  iv, 
425. 
in  Pennsylvania,  Whitt,  vii,  149. 
I  in  Norway,  ii,  149. 

1      Terrains,  Anciens  des   Asturies,  Bar- 
I  rois,  vii,  49 1 

Tertiary  of  Alaska,  Dall.  iv,  67. 
the  Atlantic  slope,  iv,  228. 
Flora  of  British  Columbia.  Datt- 
8071,  vii.  410. 
I  Lake-basin   of    Florissant.  Coin- 

rado,  ii,  409. 

r)ld,  of  the  southwest.  Aldrkh, 
xxx,  300 ;  Hilgard,  xxx.  26G; 
Meyer,  ix.  457;  xxx,  60.  421; 
Smith,  xxx,  270. 

species  in  the  Frencli,  Meyer,  ixi. 
151. 

Kocene  of  Atlantic   Slope.  Heil- 
1  prin.  iv,  228. 

of  S.  U. States.  //ez7ji)/t»,  viii, 316. 
I  Geology.  Heilprin^  ix,  09, 

Vertobrata.  Cope,  li,  408:  ix,  70. 
260  ;   xxx,  79.  295. 

Historvof  the  Grand  (-aflon.  Ditt- 
ton,  iv,  482. 
I      Thermal  Springs,  see  Geysers. 
Tides  in  early  time,  iii,  323. 
Tortugas  Reefs, '.^yourtz,  vi.  408  ;  xxx. 
180. 
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Gboloot— 

Traite  de  G^logie,  Lapparenfy  iii,  1 54 ; 

V,  168. 
Trilobite,   injury   to  eye. of,  Walcoitf 

vi,  302. 
Trilobites,  appendages  of,  WaJcoU,  ii , 

79 ;  vii,  409. 

embryonic,  JFbrd,  ii,  250.    . 

iiew,I>wigHy\i,2bl;  WalcoU,ix,32S. 

Primordial  in  Sardinia,  iii  65. 
Tully  limestone,  Williams,  vi,  303. 
UuificatioD  in  nomenclature,  etc.,  pro- 
posed, vi,  69. 
Uphantaenia,  Dawson,  ii,  132. 
Valleys,   old,  filled  with  drift,  ii,  151, 

486;  ▼,  472;  vii,  149;  ix,  392. 
Vein-formation,   LeConie,   iv,  23 ;   v, 

424 ;  vi,  1. 
Veins,  origin  of,  vii,  147 ;  viii,  465. 
Vertebrata,  Permian  of  Texas,  Cope, 

ii,  153. 

Eocene,  Cope,  iii,  324. 
Tort,  Cope,  ix,  70,  260 ;  xxx,  295. 
see  Mammals,  etc. 
Volcanic  cones,  forms  of,  Becker,  xxx, 

283. 
rocks,  see  Bocks, 

of  Great  Basin,  vii,  66,  453. 

of  Washoe,  vi,  479 ;  xxx,  388. 

Volcanoes  of  California,  Hague,  vi,  222. 

work  on,  Judd,  iii,  65. 
Washoe  district,  vi,  479 ;   xxx,  388. 
Waterfalls,  gorges  and,  Z>am,  viii,  123. 
Wave  action  on  coasts,   Dana,   xxx, 

103,  176,  184. 
Westchester  (>).,  N.  Y.,  i>ana,  i,  426 ; 

ii,  103,  313,  327. 
Whale  skeleton  from  Ontario,  Dawson, 

V,  200. 
Wind-drift  structure,  xxx,  78. 
Yellowstone  Park,   geological  charts 

of,  i,  244. 
Zinc,  ore  deposits,  Baden,  i,  502. 

Georgia,  age  of  Appalachians  in,  Elliott, 
V,  282. 
geological  report,  vi,  411. 
meteoric  iron  of,  i,  286 ;  vi,  336. 
Geysers,  apparatus  illustrating  action  of, 
iii,  320. 
see  Geology. 
Gibhs,  J.  W.,   double  refraction  and  dis- 
persion of  colors,  iii,  262. 

double  refraction  and  circular  po- 
larization, iii,  460. 

electromagnetic  theory  of  light,  v, 
107. 
Oilberi,  G.  K.,  post-glacial  joints,  iii,  25. 
jointed  structure,  iv,  50 ;  vii,  47. 
new  method  of  measuring  heights 
by  means  of  the  barometer,  iv,  404. 


Gilbert,  G.  K.,  Lake  Bonneville,  vi,  160 
earthquakes  of  the  Great  Basin,  vii' 
49. 

deflection  of  streams,  vii,  427,   (re- 
ply to  same,  Baines,  viii,  434). 
Gill,  D.,  Heliometer  determinations  of 

Stellar  parallax,  viii,  404. 
Gill,  T.,  Bibliography  of  Fishes  of  Paci- 
fic Coast,  iii,  496. 
Principles  of  Zoogeography,  viii.  241. 
Glacial  climate,  discussion  of,    OroU,  vi. 
249,  488,  vii,  81,  265,  343,432,  ix,  20, 
138,  300;    Becker,  vi,   167,  vii,   473; 
Dana,  vii,  93  ;  DuUon,  vii,  1 ;   Haugh- 
ton,  i,  150;  iv,  436;  Hill,  iii,  61;  McGee, 
ii,  437,  iii,  61,  vi,  113;  Newcomh,  vii, 
21;    Whitney,  i,  149,  v,  153;  Woeikof, 
iii,  417  ;  Wood,  vi,  150,  244;  climate  in 
the  era  of  the  mammoth  in  Siberia,  i, 
148. 
Glacial  deposits  and  phenomena : 

of  New  England,  Maine,  Stone  on 
Kames,  etc.,  iii,  242,vi,  328,  viii,  152, 
xxx,  146;  Mt  Ktaadn,  ii,  229; 
White  Mts.,  scratches,  Hitchcock,  vi, 
350. 

in  Massachusetts,  kettle  holes  at 

Wood's  Holl,  Koons,  vii.  260,  in]  480. 

Connecticut  Valley,    (effects    of 

Glacial  flood)  Dana,   iii,   87,    179, 

360,  iv,  98. 

Connecticut,  N.  Haven  region, 
Dana,  vi,  341,  vii,  113  (kettle  holes, 
etc.);  glacial  scratches,  ii,  322,  vi, 
345.  350,  ix,  207;  in  Farmington 
Valley,  v,  440;  in  E.  Connecticut, 
terraces,  Koons,  iv,  426. 

Long  Island,  v,  475,  Dana,  vi, 
356 ;  Chamherlin,  Dana,  viii,  iJ30. 
New  York,  Smock,  v,  339; 
scratches  in  the  Catskills,  iii,  338  ; 
Niagara  River,  Wright,  viii,  32 ; 
Chamherlin,  viii,  228. 

New  Jersey,  Cooks  ii,  77 ;  Wright, 
iii,  242  ;   Smock,  v,  339. 

Delaware,  Wright,  iii,  242  ;  Ches- 
ter, V,  18,  436. 

Pennsylvania,  Lewis,  ii,  402,  viii. 
231,  276;  Abbott,  flint  implements 
at  Easton,  ii,  401 ;  scratches,  v,  472, 
vi,  483;  terraces  in  Western,  White, 
vi,  327. 

Ohio,  Wright,  vi,  44,  326,  vii,  410 ; 
Chamherlin,  iv,  95. 
Michigan,  WindieU,  xxx,  315. 
Indiana,  Wright,  vi,  44,  326,  vii, 
410. 

Illinois,  viii,  317  (bowlder  clays) ; 
Wisconsin,  Chamherlin,  Y\i,  378; 
compared  with  facts  in  the  Alps,  v, 
233. 
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Glacial  deposits  and  phenomena : 

Minnesota,  Wincheli,  i,  358 ;  Up- 
ham,  iii,  62,  viii,  316  ;  gold  in  drift, 
viii,  155. 

Minnesota  valley,  L.  Winnipeg 
region.  Danaj  iv,  428 ;  Upham,  v, 
166,  vi,  327,  vii,  34,  104. 

Central  North  America,  O.  M. 
Dawson^  ix,  408. 

Upper  Missouri  Region,  Montana, 
Dakota,  WhiU,  v,  206,  vii,  112; 
Newberry^  xxx,  339. 

Colorado,  extinct  of,  HiUs.yW,  391. 
West  of  Rocky  Mts.,  Sierra  Neva- 
da, i,  149,  XXX,  345 ;    Alaska,  viii, 
74. 

Canada,  Andrews,  vi.  99  (unusual 
scratches) ;  in  New  Brunswick,  xxx, 
242. 

Hudson's  Bay  region,  xxx,  242  ; 
terraces  about  L.  Ontario,  Spencer, 
ii,  151,  iv,  409. 

in  Scandinavia,  terraces  and  coast 
lines,  ii,  149. 
of  the  Shetland  Islands,  i,  168. 
in  the  Alps,  two  glacial  eras,  etc., 
vi,  72  ;  map  of  ancient,  ix,  65. 

in  the  Southern  hemisphere,  vi, 
488  ;  ix,  345. 
flood,  Hotvorih  on,  iii,  418. 
kanies,   Stone,  ii,  487,  vi.  328,  viii. 
152;   Dana,  ii,  451,   Chamherlin,  vii, 
388.  Kinahan  (Om).  ix,  135. 

termmal   moraine,   Chamherlin,    iv, 
93,  vii,  68,  viii,  228 ;  Dana,  viii,  231  ; 
Upham,  iii,  62  ;  Smock,  v,  339;  Wright, 
vi,  44,  326,  vii,  410;    I^is,  viii,  231, 
276. 
period,  date  of.  Wright,  i,  120. 
cause  of,  S.  V.  Wood,  vi,  150,  244.  ' 
oscillation  of  land  in,  Jamieson^ 
iv,  473. 

man,  relations  to,  AbboU,  iii,  152; 
Babbit,  vi,  328. 

buried  valleys,  *ii,  151,  486,  v, 
472,  vii,  149,  ix,  392. 

Mediterranean  basin  in,  xxx,  243. 
Glaciatiou,  influence   of  convection  on, 

Becker,  vii,  473. 
Glacier,  cause  of  motion  of,  iii,  434,  vi, 
149. 

structure  and  movement  of,  iii^  59,  ! 
iv,  146.  '  I 

thickness  of,  McGee,  ii,  264 ;  Smock, 
V,  339. 

Alaska,  buried  ice.  i,  107. 
Greenland,  ui.  363,  vi,  413,  vii,  241  ; 
CroU,  vi.  488,  ix,  300. 
subsidence  caused  by,  McGee,  ii.  368. 
meridional  deflection  of,  McGee.  ix,  I 
386.  I 


Glacier,  periodical  variations  of,  iii  56. 
Studies  in  the  Alps,  viiL  400. 
Work  on,  by  Shaler,  ii,  78. 
Gladstone,  J.  E.,  refraction  equivalents, 

ix,  56. 
Glaser-DeCew,  G.,  Electric  Machines,  t, 

151. 
Glass,  residual  elasticity  of,   Sherman, 

ix.  385. 
Glucose,  cry^tallizatiou  of,  iv,  69. 
Glycogen,  precipitation  of,  iv,  227. 
Gold,  see  Geology  aud  MiKERALa 
Goodale,  G.  L.,  origin  of  starch  graioa, 
i,  330. 

botanical  notices,  i,  249;  v,  161, 
237,  312,  479 ;  vii,  322,  415 ;  viii  239, 
474;  ix,  72;  xxx,  164,  488. 

Wild  Flowers  of  America,  vii,  414. 
Physiological  Botany,  xxx,  488. 
Gorceix,  Brazilian  minerals,  vii,  73. 
Gordon,  E.  H..  Electricity  and  Magnet- 
ism, i,  86,  140. 
Gore,  6?.,  "transfer-resistance,"  xii.  2.'^8. 
Gorges  and  waterfalls,  Davis,  viii,  123. 
GotUd,  B.  A.,  algebraic  expression  of 
diurnal  variation  of  temperature,  iii,  99. 
Annies  de  la  Offidna  Meteorologici 
Argentina,  iv,  301. 

Resultados  del  Observatorio  Na- 
clonal  Argentino,  iv,  302. 

Report  upon  the  unification  of  longi* 
tudes,  viii,  321. 

Letter  from,  viii,  480. 
Star  Catalogue,  ix,  79. 
Gratings,  concave,  for  optical  purposes, 

vi,  67,  87,  214. 
Gravis,   A.,   Vegetative  organs  of  the 

Nettle,  xxx,  84. 
Gravity  in  Japan,  i,  99 ;  ix,  404. 
lunar  disturbance  of,  iii,  49. 
Gray.  Andrew,  Absolute  Measurements 
in  Electricity  and  Magnetism,  vii  487. 
Gray,  A,,  Darwin's  Power  of  Movement 
in  plants,  i,  246. 

botanical  necrology,  iii,  330;  vii 
242;  viii,  319;  ix,  169. 

notices,  ii,  235.  491 ;  iii,  69. 
169,  244,  326,  492  ;  iv.  72.  156,  29S. 
400,  476;  v,  79.  162,  236.  312,  .^94, 
480;  vi  77.  245.  322,486;  vii  155, 
241,  413,  494;  viii,  75,  155.  237,  402. 
472;  ix,  264;  xxx,  82,  164,  245.402, 
487. 

nomenclature,  iii,  157  ;  vi,  417,  vii, 
396. 
compass-plant,  iii,  160. 
Flora  of  N.  America,  iv,  321 ;  viii 
323. 
Charles  Darwin,  Iv,  453. 
Contributions  to  North  American 
botany,  iv,  298. 
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Gray,  A.,  ligpiified  snake  from  Brazil,  v, 
79. 

DeCandoUe's    origin    of  cultivated 
plants,  V,  241,  370;  vi,   128. 

Kngler's  development  of  the  Vege- 
table Kingdom,  v,  894. 
Brook's  law  of  Heredity,  vii,  156. 
tendency  in  variation,  vii,  H26. 
geoder  of  names  of  varieties,   vii, 
396. 
Olematides  MegalaDthes,  vii,  494. 
Greorge  Bentham,  viii,  319;  ix,  103. 
memorials  of  Engelmann  and  Heer, 
viii,  61. 

Synoptical  Flora  of  North  America, 
viii,  237. 

Botanical  Text-book,  xzx,  488.. 
Greenland,  Flora  of,  not,  iii.  247. 

glacier  and  glacier  ice  of,   iii,  363  ; 
vi,  413.  488:  vii,  241. 

minerals  from,  v,  158 ;  ix,  72. 
Orimes,  J.  S.,  creation  of  continents  by 

ocean  currents,  ix,  339. 
GrinneU,  G.  B.j  notice  of  Odontomitbes, 

i.  255. 
Groie,  A.  R,  Spbingidae  of  North  Amer- 
ica, V,  210. 
Groth,  P.,  Tabfllarische  Uebersicbt  der 
Mineralien,  iii,  157. 

Physikalische  Kystallograpbie,  xxx, 
80. 
Guides  for  Science  Teaching,  iii,  336. 
Gulf  of  Mexico,  see  Geology. 

Stream,  investlgatious  of,   iv,  447, 
479 ;  vi,  80. 
Gdmbel.  E.  W.  von,  Geologic  voo  Bay- 

ern,  viii.  317^ 
Guyoiy  A.,  on  l^e  dry  zones,  vi,  161. 
Memoir  of  Louis  Agassiz,  vi,  248. 
Report  of  E.  M.  Museum,   Prinoe- 
ton,  v,  87. 

Tables,  Meteorological  and  Physical, 
iz.  258. 


Haacke^  eggs  of  Echidna,  viii,  476  ;  xxx, 

85. 
Hackel,   E.,   Monographise  Festucaium  ' 

Europasaniro,  vi,  77. 
Hseckel  E.,  Medusen,  noticed,  ii,  160. 

A  Visit  to  Ceylon,  vi,  80.  157.  i 

Hague,  A.,  volcanoes  of  northern  Cali- 
fornia, etc.,  vi,  222. 

volcanic  rocks,   40th  parallel,   vii, 
66,  453. 

Eureka  Hill  Mining  District,  vii,  65, 
68. 
rocks  of  Washoe,  Nevada,  xxx,  388. 
Hagut^  J,  2).,  Mining  Industries,  iii,  162. 
Hailstorms,  iii,  249. 


Hale,  H.,  Iroquois   Book  of  Rites,   vi. 

248. 
HaU,  A.,  variations  of  latitude,  ix,  223. 
star  system  40,  o^  Eridani,  xxx.  403. 
Double  Star  Observations,  ii,  84. 
HaM,    C.    E.f    geology  of  Philadelphia 

County,  V,  310,  473. 
ffaU,  E.  H.,    rotational    ooefKnients    of 
various  metals,  v,  215. 

rotation  of  equipotential  lines    of 
electric  current,  ix,  117. 
Hallf  i/*.  Sections  of  Taconic  regions,  viii, 
311. 
Devonian  fossils  of  N.  York,  i,  44. 
Bryozoans  of  the  Upper  Helderberg. 
iii,  153. 

Fauna  of  the  Niagara  of  Central 
Indiana,  iv,  294. 

Corals  of  the   Niagara  and   Upper 
Helderberg,  iv,  295. 

Lamellibranchiata,  New  York  J^eo- 
logical  Survey,  v,  391. 

Monomyaria  of  the  Upper  Helder- 
berg, etc,  noticed,  viii,  2H4. 

Carboniferous  Eurypteridie,  ix,  69. 
Hall's  phenomenon,  vi,  477 ;  vii,  486, 
Hallock,  W.y  Smee  battery  and  galvanic 
polarization,  v,  268. 
researches  on  magnets,  vii,  321. 
Halogens,   reciprocal    displacement,    v, 
305. 
vapor-density  of,  iii,  143. 
Hamlin,  A.  C.  Leisure  Hours  among  the 

gems,  ix,  84. 
Hamlin,  C.  E.,  Syrian  Fossils,  vii,  490. 
Hanks,  H.  G.,   Catalogue  of  California 
State  Museum,  v,  88. 

California  Mineralogical  Reports,  v, 
392  ;  vii,  493 ;  ix,  263. 
Hannay,  J.  B.,  density  of  solid  and  liquid 

cast-iron,  i,  147. 
Hann,  J.,  Handbuch  der  Klimatologie, 

vi,  80,  158. 
Hansen,  E.  C,  on  alcoholic  ferments,  ii, 

492. 
Harger,  0.,  New   England   Isopoda,  ii, 
411. 

"Blake"  Isopoda,  vii,  417. 
Ilarkness,  W..  comet  5,  1881,  ii,  137. 

solar  parallax,  ii.  375. 
Harrington,  B.  J.,  Life  of  Logan,  v,  386. 

meneghinite,  tennantite,  vii,  41 1. 
Harrington,  M.  W.,  study   of  Vesta,  vi, 

461. 
Harrison^   B,  F.,    rain-fall   in    Walling- 

ford,  Conn.,  i,  496. 
Hartley,  W.  N.,  reversal  of  the   metallic 
lines  in   photographs  of  spectra,  iv, 
471. 
Hartshorn,  G.  T.,  chemical  contributions, 
vi,  141. 
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Bastings,  C.  S,,  on  the  sun,  i,  33. 

color  correction    of  double  objec- 
tives, iii,  167. 
Haswell,  W.  A.,  Catalogue  of  Australian 

Crustacea,  iv,  478. 
Houghton,    S.^  evolution  of  the  earth- 
moon  system,  iv,  335. 

influence    of   eccentricity    of    the 
earth's  orbit  on  climate,  iv,  436. 

Lectures  on  Physical  Geography,  i, 
150. 
Hawaii,  volcanic    eniptions  in,   i,  79; 
ii,  226,  322. 

maps  of,  XXX,  406. 

Button  on,  xxx,  487. 
ffaweSf    G.    W.,   Albany  granite,   New 
Hampshire,  i,  21. 

liquid     carbon    dioxide   in   smoky 
quartz,  i,  203. 

doleryte  of  Eastern  N.  America,  ii, 
2»0. 

obituary  of.  iv,  80,  1 59. 
Hayden,  F.  V.,  Bulletins  of  Survey,  i,  83, 
328;  ii,  408,  409;  iii,  153;  iv,  401. 

Geological  Reports,   vi,   243,   409; 
ii,  260 ;  XXX,  295. 

Geological  Maps,  i,  244;  vii,  153. 
Hayes,   H.    F.,   use  of  photography  in 
electrical  measurements,  ix,  374. 

alternating  currents,  ix.  377. 

irregularities  in  the  action  of  gal- 
vanic batteries,  xxx,  34. 
Hazen^  H.  J..,  projection  of  lines  of  equal 
pressure,  i,  361. 

reduction  of  air  pressure   to  sea- 
level,  i,  453. 

barometric  pressure  at  high  stations, 
iv,  105. 

the  sun-glows,  vii,  201. 

thermometer  exposure,  vii,  365. 

tornadoes,  viii,  181. 

condensing    hygrometer    and    the 
psychrometer,  xxx.  435. 
Hazen,  W.  B.,  Signal  Service  Report,  iii, 

78. 
Heap,  D.  P.,  International  Exhibition  of 

Electricity,  viii.  310. 
Hearmg,  binaural,  iv,  144. 
Heat,  Tait,  noticed,  vii,  488.  \ 

and  electricity,  ix,  60.  i 

Fourier-Poisson  theory  of  conduc-  i 
tion  of,  iii,  322.  I 

in  iron  from  magnetic  force,  vii.  58,  \ 
238.  I 

measurement  of,  i,  187. 

propatration  of,  in  rock,  iv,  154.  472. 

sound    from    intermittent  l>eam  of, 
i,  323,  324,  463. 

specific,  of  sub.^tanees  at  high  tem- 
peratures, ix.  331.  332. 

radiations,  iaoiatifiBjtfk  Ti«  476. 


Heat  rays,  absorption  of,  by  gasM  and 
vapors,  i,  236. 
utilization  of  underground,  xxx,  317. 
see  Absorption  and  TemperaJtwt. 
Heckd,  histology  of  ascidia,  xxx,  489. 
Heikfht  of  signal  service  stations,  ii,  18. 
Heilprin,  A.,   Tertiary  deposits  of  the 
Atlantic  slope,  iv,  228. 

nummulitic  deposits  in  Florida,  iv, 
294;  V,  158. 

Tertiary  of  Eastern  and  Southero 
United  States,  iii,  153;  ix,  69. 
Town  Ueology,  xxx,  401. 
Helmholtz,  H.,  Popular  Scientific  Lec- 
tures, i,  610. 

dispersion,  theory  of,  viii,  457. 
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Herrick.  C.  L.,  Crustacea  of  Minn.,  ix,  68. 
Hesperidin,  li,  218. 

Hicks,  L  K,  test  well  in  the  Carbonif- 
erous of  Nebraska,  ix,  1 59.  - 
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488. 

living  organisms  in,  Leidy,  viii,  476. 
of  buried  glacier  in  Alaska,  i,  107. 
physical  properties  of,  vii,  62  ;  ix, 
335. 
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reciprocal  solutions  ot  iv,  464. 
surface  tension  of,  iv,  287. 
Litmus,  coloring  matter  resembling,  ix, 

166. 
Littrow  form  of  spectroscope,  iv,  60. 
Liveing,    G.   D.,   on  recent  progress  in 

chemistry,  iv.  312. 
Liversidge,torbiiB\teoT'S.  S.Wales,  ii  32. 
Minerals  of  N.  S.  Wales,  not.,  vi,  76. 
Lloyd,  J.  U.,  Drugs  and   Medicines  of 

North  America,  viii,  474 ;  xxx,  246. 
Jjoeb,  M.,  chemical  contributions,  vi,  142. 
Logan,  W.   E.,  Life  of,  Harrington,  v, 

386. 
Long  Island,  see  Geology  and  GlaciaL 
Long,  J.  II.,  indices  of  refraction  of  com- 
pound ethers,  i,  279. 
Loomis,  E.,   contributions  to  meteorolo* 
f^y,  i,  1  ;  ii,  1  ;  iii,  1 ;  iv,  1  ;  v,  1 ;  vi, 
442;  viii,  1,  81  ;  xxx,  1. 
Lord,  E.,  Comstock  Mining  and  Miners, 

xxx,  318. 
Lorenzen,   J,,   sodalite-syenite  minerals, 

Greenland,  v,  158. 
Lory,  the  occidental  Alps,  ix,  417. 
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LoUL  £.,  origin  of  Tuscan  granite,  viii, 

155. 
origin  of  Italian  serpentine,  vii,  492. 
Louisiana,  native  mercury  in,  Wilkinson,  '. 

ix,  280. 
Lulioek,  «/],  presidential  address,  ii,  268, 

343. 
Lunge,   G.,   manufacture   of    sulphuric 

acid,  i,  75,  144. 

distillation  of  coal-tar,  v.  151. 
Luptan,  K  7!,  meteoric  iron  from  Coa- 

huila,  Mexico,  ix,  232. 
Lyman,  B.   S.,  Pennsylvania  survey  of 

the  anthracite  field,  v,  387. 
Lyman,  T.,  "Blake"  Ophiuroidea,  vi,  159. 

M 

Mabery,   C,  /!,  chemical   contributions, 
vi,  142. 

the  electrical  furnace,  ytt,  308. 
Macfarlane,  J.,Geological  Railway  Guide, 

viii,  47 1 ;  xxx,  244. 
Mackintosh,  J.  B.,  on  herderite,  vii,  135; 
viii,  401. 

titanic  iron  sand,  Brazil,  ix,  342. 
Macoun^s  Catalogue  of  Canadian  Plants, 

ix,  265. 
Madan,   H.   G.,   Tables  of    Qualitative 

Analysis,  iii,  80,  150. 
Magie,  W.  F.,  shadows  obtained  during 

the  glow  discharge,  i,  394. 
Magnesium,  platinized,   aa  a   reducing 

agent,  vi,  66. 
Magnetic  action,  effect  of,  on  an  electric 
current.  Hall,  ix,  1 17. 

decHnation,  and  sun-spots,  i,  238. 
in  Missouri,  i,  241. 
in  United  States,  vii,  245. 
field,  effect  of,  on  light,  Lx,  167. 
force,  measurement  of,  viii,  223 ;  ix, 
404. 

observations,  arctic,  ii,  49,   164;  ix, 
50. 
polarity  and  neutrality,  viii,  309. 
pole,  electrostatic  dimensions  of,  iv, 
144. 
storms,  V,  308. 
survey  of  Canada,  vii,  320. 

of  Missouri,  Nipher^  i,  310. 
Magnetism  as  affected  by  hardening,  iii, 
414;  iv,  180:  vi,  320. 

effect  of  cold  on,  Trowbridge,  i,  316. 

of  steel  and  nickel,  v,  309 ;  xxx,  218. 

works  on,  see  Kleotuical  Works. 

Magnetization,  changes  in  length  of  iron 

rods,  produced  by,  xxx,  315. 

heat  produced  by  reversals  of.  vii, 

58,  238;  viii,  225. 

maximum  of,  iii,  41-3. 
of  iron  and  steel,  ii,  398. 

5 


Maine,  geology  of  Frenchman's  Bay,  iii,  64. 
glacial  drift  on  Mt.  Ktaadn,  ii.  229. 
erosion  in,  iii,  242. 
scratches  in,  Stone,  xxx,  146. 
karoe  rivers  of,  vi,  328  ;  viii,  152. 
kames  of,  ii.  487. 

Minerals  of:  allanite,  vii,  412;  anda- 
lusite.  vii,  305  ;  chrysoberyl,  ix,  263  ; 
herderite,  vii,  73,  135,  229,  viii,  401  ; 
topaz,  etc.,  of  Stoneham,  v,  161,  vii, 
212,  ix.  378;  tourmaline  of  Auburn, 
vii,  154,  303. 

Silurian  fossils  in,  ii,  434. 
Mailet,  J.  W.,  atomic  weight  of  aluminum, 
i,  321. 

sipylite,  ii.  52. 

Texas  meteoric  iron,  viii,  285. 
Report  on  potable  water,  ix,  490. 
Man.  antiquity  of,  Dawkins,  iv,  314. 
British  types  of,  iv,  317. 
Prehistoric,  Dawson^  viii.  158. 
see  under  Geowqy  and  Zooloqt. 
Manitoba,  lignitic  plants  of,  ii,  233. 
Marble  border  of  Western  New  England, 

noticed,  xxx,  402. 
Marcou,  J.,  Taconic  rocks,  ii,  321. 
Mark,  B.   L.,  on  development  of  Limax 

campestris,  ii,  494. 
Marks.  W.  D.,  Proportions  of  the  Steam 

Engine,  vii,  321. 
Mars,  ephemeris  of  satellites  of,  ii,  485. 

figure  of,  i,  162. 
Marsh  gas,  preparation  of.  viii,  148, 
Marsh,  0.  C,  American  Jurassic  Dino- 
saurs, i,  167,  417. 
Coeluria,  i,  339. 
Laopteryx,  i,  341. 
American  Pterodactyls,  i.  342 ;  iii, 
251 ;  vii,  423. 
Jurassic  mammals,  i,  511. 
restoration  of  Dinoceras,  ii,  3 1 . 
Jurassic  birds  and  their  allies,  ii.  337. 
classification   of  the  Dinosauria,  i, 
423;  ui,  81  :  vi,  85;  vii,  167,  337. 
wings  of  Pterodactyles,  iii,  251. 
restoration  of  Brontosaurus,  vi.  81. 
supposed  human  foot-prints,  vi,  139. 
the  Diplodocidae.  vii,  161. 
the  order  Theropoda.  vii,  329. 
new  order  of  Jurassic  reptiles,  vii. 
341. 
metatarsal  of  Ceratosaurus.  viii,  161. 
names  of  extinct  reptiles,  ix,  169. 
Odontornithes  of,  noticed,  i,  255. 
Dinocerdta,  noticed,  ix,  169,  173. 
Martin,  H.  N.,  Handbook  of  Vertebrate 

Dissection,  v,  481 ;  viii,  77. 
Martins,  K.  v.,  Conchologische  Mittheil- 

ungen,  lit,  422. 
Mascart.  K.,   Klectricity  and  Magnetism, 
vi,  80,  148. 
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Massachusetts,  amygdaloid  of  Brighton, 
iii,  G5. 

argillites  at  Braintroe,  Dodge,  v,  65. 

coal  plant  at  Worcester,  Perry,  ix,  1 57 . 

Deerfield   dyke,   Enierson,   iv,  195. 
270,  349. 

folsite  near  Boston,  ii,  80. 
of  Milton,  V,  475. 

gahnite  of  Rowe,  Dana,  ix,  455. 

kettle    holes    near    Wood's    Holl, 
Koons.  vii.  260 ;  ix,  480. 

metamorphic  rocks  of,   Dana,   viii, 
39:i. 

quartz  sand  and  kaolin  of.   in  Berk- 
shire. Dana,  viii,  448  ;  ix,  57. 

rocks  of  Bernardston,   Whitfield,  v, 
368. 

syenite  of,  iii,  418  ;  v,  69 ;  xxx,  163. 

Berkshire  taconic,  see  laconic  under 
Geology. 

terraces  on  Connecticut,  see  Terraces 
under  Gkology. 

Triassic  trap  of.  Dacia.  iv,  345. 
Matter,  Properties  of,  Tait,  xxx,  241. 
Matthew,  G.  K,  Parailoxides  Davidis  in 
America,  xxx.  72. 

new  Cambrian  pteropods.  xxx,  293. 
Matthew,  G.  J.,  Fauna  of  the  St.  John 

Group,  viii.  74;  ix,  419. 
Mauna  Loa,  see  Hawaii. 
Maximo wicz,  C.  J..  Coriaria,  etc.,  iii,  159. 

Diagnosis  Plantaruni  novarum  Asi- 
aticarum,  iii,  245. 
Maxwell,  James  Clerk,  Life  of,  ix.  347. 

Elementary  Treatise  on  Electricity, 
iii,   149. 
Mayer,  A.  M.,  measurement  of  vibrations 

of  tuning-forks,  xxx,  485. 
Maynard,  J.  C.  Manual  of  Taxidermy. 

vi,  80,  158. 
McCay,  massive  saftlorite,  ix,  369,  496. 
McGee,  W.  «/.,  orographic  displacement, 
i,  276. 

thickness  of  ice-sheet  at  any  lati- 
tude, ii,  264. 

local   subsidence    produced   by   an 
ice-sheet,  ii,  368, 

secular  climatal  changes,  ii,  4.^7. 

evaporation  and  eccentricity  in  gla- 
cial periods,  iii,  61. 

loss  of  Des  Moines,  iv.  202. 

jointed  structure,  v.  152. 

notice  of  Penck's  Glaciation  of  the 
German  Alps,  vi,  72. 

theory  of  glacial  climate,  vi,  1 13.  244. 

origin  and  hade  of   normal   faults, 
vi,  294. 

ages  of  river- valleys  in  Lincolnshire, 
vii,  240. 

meridional  deflection  of  ice-streams, 
i.v,  :\Si\. 


McGee,  W.  «/.,  Geological   Map  of  the 

United  States,  xxx,  244. 
McMaster,  J.  B.,  Bridger  Beds,  ii,  235. 
McRae.  A.  L.y  elasticity  of  ice,  ix,  349. 
Medals  of  London  societies,  v,  399. 
Mediterranean    basin,    in    the   Glacial 

period,  xxx,  243. 
Mell,  P.  H.,  the  Claiborne  group,  i,  157. 
Melting,  modes  of,  ii,  220. 

points,  apparatus  for  determining, 
ui,  482. 
MendeiihaJU,  T.  C,  gravity  at  the  summit 
of  Fujiyama,  i,  99. 

coefficient  of  expansion  of  a  dii!ra& 
tion  grating,  i,  230. 

Kdison's  tasimeter,  iv,  43. 
differential  resistance  thermometer, 
xxx,  114. 

Meteorology  of  Tokio,  i,  85 ;  iii  496. 
Menke,  A.  E.,  chemicAl  contributioDa,  ri, 

141. 
Mercer,  H.  C ,  the  Lenape  Stone,  xxi,  79. 
Mercuric  fulminate,  i,  235. 
Mercury,  distillation  of  in  vacuo,  Wrig^ 
ii,  479. 

oxidation  of,  ii,  217. 
pump,  new  form  of,  i,  401. 
specific  resistance  of,  iv,  62. 
surface  tension  of,  iv.  61. 
vapor  tension  of,    iv,  144,  287,  392. 
Mercury,  transit  of,  1881,  iii,  48. 
transits  of,  Newcomh,  v,  317. 
Meridian,  conference  for  the  adoption  of 

a  standard,  v,  231. 
Merriam,  C.  H.,  Vertebrates  of  the  Adi- 
rondack, iv,  478;  v,  239;  viii,  319. 
new  species  of  Shrew,  viii,  319. 
Mesitylene,  preparation  of,  vii,  56. 
Metallic  vapors,  infra-red  emission-8p«& 
tra  of,  viii,  457. 

reversal  of  lines  of,  ii,  220. 
Metallurgy  of  Iron,  Bauennan^  v,  159. 
Metals,  electrical  furnace  for,  xxx,  308. 
quantitative   determination  ot  bj 
electrolysis,  ix.  164. 

rotational  coefficients  of,  Baily^  215. 
Metasulphites,  BerVielot,  vii,  403. 
Meteoric  dust,  ii,  86. 

iron,  concretions  in.   Smith,  v,  417. 
see  Meteorites,  iron. 
Meteorites — 
catalogue  of,  at  Vienna,  xxx,  402. 
classification  of,  vi,  411  ;  viii,  470. 
Iron  :    Brazil,   Sta.  Catarina,  iii  229; 
ix,  33,  496 ;  Trinity  Co.,  California, 
ix,   469 ;    Georgia,    Whitfield  Co. 
Hidden,  i,  286;    Shepard,  vi  336: 
Mexico,  Coahuila,  i,  461,  ix,   232: 
Michigan,  Grand  Rapids,  viii,  299, 
XXX,  312;    New  Mexico,  Gl^iete 
Mts.,  xxx,  235 ;  Ohio,  from  mound. 
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Cetbokites —  i 

vii,  497 ;    So.   Carolina,  Lexington  | 
CJo.,  i,  117;    Texas,  viii,  286 ;    un- 
known locality,  ii,  119. 
origin  of,  viii.  470. 

Stony:     Maine,    Waterville,   vl,   32; 
Mexico.  Jalisco,  xxx.  105  ;  So.  Caro- 
lina, Bishopville,  vi,  32,  248. 
supposed    fall    in    Washington    Co., 

Penn.,  xxx,  404. 
supposed  organisms  in,  iii,  156 ;  iv,  7 1. 
Ileteorological  circular  letter,  xxx,  87. 
Society,  of  New  England,  viii,  169  ; 
iz,  498. 

Bulletin  of,  ix.  82. 
Stations,  polar,  ii,  164. 
feteorology,  contributions  to,  Loomis,  i, 
1  ;  ii,  I ;  iii,  1 ;  iv,  1  ;  V,  1 ;    vi,  442 ; 
viii,  1,  81  ;  xxx,  1 ;    Woeiko/j  iii,  341 
and  earthquakes,  Streets^  v,  361. 
of  Buenos  Aires,  iv,  301. 
of  Tokio,  MendenhaXly  i,  85 ;  iii,  496. 
Ceteors,  telescopic,  v,  398. 
Cethane.   illuminating  power  of,  xxx. 

156. 
lethyl  alcohol,  purification  of,  ix,  401. 
fexico,  anthracite  of  Sonora,  iv,  399. 
cuprodescloizite  from,  vi,  361 ;  vii. 
412. 

iron  ore  of,  Silliman,  iv,  375. 
meteoric  iron  from,  Lupton^  ix,  232. 
meteorite  from,  xxx,  105. 
sapphire  from,  vi,  75. 
feyer.  0.,  notes  on  Tertiary  shells,  viii, 
154. 

species  of  the  southern  Old-tertiary, 
ix,  457  ;  xxx,  60,  421. 

species  in  the  French  Old-tertiary, 
XXX,  151. 
feyer^  V.,  vapor-density  of  the  halogens, 

iii,  143. 
leyer,    W.,    Spaziergange    durch    das 

Reich  der  Sterne,  ix,  83. 
Hchdson,  A,  A.^  relative  motion  of  the 
earth  and  liiminiferous  ether,  ii,  120. 
interference  phenomena,  iii,  395. 
air-thermometer,  iv,  92. 
method  for  determining  the  rate  of 
tuning-forks,  v,  61. 
[ichigan,  Archaean  in,  Irving^  ix,  237. 
geology  of  Ann  Arbor,  xxx,  315. 
Lake  Superior  copper-bearing  rocks,  | 
V.  155;    vi.  27,    155,   321;    vii,    130. 
147  ;  viii,  462 ;  ix,  67,  237,  268,  339.  [ 
Marquette  region,  iron  ores  of,  ii,  i 
320,  402,  403. 

orthoclase  of,  iii,  67. 
preglacial  channel  of  Eagle  River, 
Whittlesey,  ix,  392. 

sandstones    of    Taquamenon    Bay, 
WincheU,  ix,  339. 


Mickleborough,  J.,  locomotory  appendages 

of  trilobites,  vii,  409. 
Microphone,  the.  ii.  87 ;  iv,  392. 

contacts,  electrical  resistance  of,  ix. 
168. 
metal,  in  vacuo,  vi,  147. 
Miller,    S.   A.,   Glyptocrinus  and  Reteo- 
crinus,  vi,  105. 

on  crinoids,  vii,  158, 
North     American     Mesozoic    and 
Cenozoic  Greology,  ii,  234. 

American    Palaiozoic    Fossils,    iv, 
474;  V,  240. 
Millimeter  screw,  Wead,  iii,  176. 
Minchin.    G.   M.,  Uniplanar  Kinematics 

of  Solids  and  Fluids,  v.  233. 
Mineral  vein,  see  Vein  under  Geology. 

MiNBRALOGICAL  WOBKS  NOTICED — 

Elemente  der  Mineralogie,  Naumann- 

Zirkel,  iii,  68. 
Especies  Minerales  de  la   Republica 

Argentina,  BrcickehiscJi,  i,  161. 
Lohrbuch  der  Mineralogie,  Ihchermak, 

iii,  68;  iv,  232;  vii,  75;  ix,  420. 
Mineral  Karakteristik,  Wiik,  iii,  69. 
Mineralogic«l  Reports  of  Califocnia,  v, 

392  ;  vii,  493  ;  ix,  263. 
Mineralogical  Resources  of  the  U.  S., 

Williams,  vii,  75.  ^ 

Mmera  logic  Russlands,  N.  v.  Kokscha- 

row,  iii,  68;  v,  159;  vii,  412;  xxx, 

318. 
Mineralogy.  Bauermnn,  Systematic,  i, 

506;  Descriptive,  viii,  318. 
Mineralogy  of  Missouri,  Leonhard,  iv, 

71. 
Mineralojia,  Domeyko,  i,  161. 
Minerals  of  New  South  Wales,  Liver- 

sidge,  vi,  76. 
Physikal.     Klrystallographie,     Groth, 

xxx,  80. 
Researches  in   Mineralogy  and  Chem- 
istry, J.  L.  Smith,  ix,  262. 
Sammlung  von   Microphotographien, 

etc.,  Cohen,  iv,  155. 
Synopsis   Mineralogica,  Weisbach,  ix, 

72. 
System  of  Mineralogy,  Appendix  III, 

Dana,  iii,  491. 
Tabellarische   TJebersicht  der   Mine- 

ralien,  Groth,  iii,  157. 
Tables  for  the  Determination  of  Min- 
erals, Foye,  iii,  418. 
Text  Book  of  Mineralogy,  E.  S.  Dana, 

V,  479. 
Mineralogist  and  Antiquarian,  viii,  406. 
Minerals,   fusion  experiments  on,  xxx, 
396. 

optical  characters    and    crystalline 
system  of,  li,  153. 

separation  of,  ii,  80;   vi,  411. 
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Minerals— 

iEschynite,  ii,  23  ;  Aimaflbrite,  viii,  236 ; 
Aimatolite,  viii,  236;  Albine,  iv,  132  ; 
Albite,  iv.  201;  vii.  304;  Allaktite. 
vii,  494;  Allanitc,  iv,  374;  v.  160; 
vii,  412,  479;  viii,  21;  xxx,  108; 
Alaskaite,  ii,  491  ;  Alunogen.  viii,  24; 
Amber,  v,  234;  Analcite,  iii,  457;  iv. 
358  ;  XXX,  112;  Andalu8ite,  vii.  305  ; 
Aniiaberpte,viii,  122;  Annerodite,  ii, 
490  ;  Anthracite,  iv,  399  ;  of  Penn- 
sylvania, ii,  152;  V,  387;  vii,  407; 
Antimony,  native,  xxx,  275  :  Apatite, 
iv,  475 ;  viii,  74 ;  from  Maine,  vii, 
216,  304,  480;  Apntoid,  vi,  32;  Apo- 
phyllite.  iv,  129;  Arctolite,  ii,  156; 
Aragonito,  v,  421 ;  Autiinite,  vii.  214; 
Axinitc,  iv,  360,  354,  439. 

Barite,  iv,  364;  Begeerite,  i,  411  ;  Berg- 
amaskite.  iii.  155;  Berlauite,  iv.  70; 
Bertrandito,  vii,  411  ;  Beryl,  alkalies 
in,  viii,  25  ;  from  Dakota, .  vi,  235  ; 
Maine,  vii,  214;  N.  Carolina,  i,  159; 
ii,  24,  489;  iv,  372;  Virginia,  v,  332. 
see  Kmeralds;  Bindheimite,  ix.  341; 
Biotito  from  Maine,  vii,  215;  Bisraui 
tite,  ix,  263;  Botryolite,  iv,  355; 
Bournonite,  ix.  420  ;  Brackebiiachite, 
ii,  157  :  Bruggerite.  vii,  493. 

Calcite,  iv,  133,  349,  352.  354;  Capsiterite. 
from  Dakota,  vi.  235 ;  So.  Carolina, 
viii,  25 ;  Virginia,  vii.  411;  Colo.stial- 
ite,  V,  421  ;  Cerussite,  vi,  483;  Chab- 
azite,  iii,  454;  iv.  356,  358,  Clial- 
chiiite,  V,  197;  Clialcomenito.  ii,  155; 
Chalcopyrite,  iv.  350,  355  ;  Chenevix- 
ite,  ix,  341  ;  Chlminite.  vi.  32  ;  Chlor- 
oph.'cite.  iv.  27G:  ('hlorophane  from 
Virginia,  viii,  235;  Chondrodite.  v, 
311;  Clirislianite,  ix,  71  ;  (Uiromito  in 
meteoric  iron,  i.  461 ;  v.  420 ;  Chryso- 
boryl,  ix.  263;  Chrysolite,  ii,  152;  ar- 
tificial, iii.  155;  Chrysotile.  ix,  32; 
Cimolite,  viii,  23;  Clevelandite,  vii, 
215;  Clinoliumite,  v,  311;  Cobalto- 
menite,  iv.  71;  Colemanite,  vii,  493; 
viii.  447;  ix,  .341  ;  Columbite.  i,  412; 
iv,  153,  372;  v.  333  ;  vii.  214;  viii. 
340;  Conichalcite,  ix.  341  ;  Corundum. 
iv,  156,  398;  gom.s.  vi,  339;  ('osalite, 
vii,  354;  Crocoito.  ii,  198.  203;  Cry- 
oconite,  ii,  86;  Cryolite,  vi,  271.  496; 
Culebrito,  i,  315 ;  Cuprite,  iv,  35,') ;  ix. 
420;  Cuprodescloizite,  vii.  412;  Cyau- 
ite.  i,  428  ;  iv,  399. 

Damourite,  iv,  398;  vii.  215;  viii.  21  ; 
Danburite,  iv.  476;  v,  161  ;  Datolite. 
iv,  352,  439;  Daubreelite.  v.  420; 
Dawsonite,  ii,  157;  Descloizite.  ii, 
201  ;  Mexico,  vi,  361  ;  vii,  412  ;  Dia- 
bantite,  iv,   198 ;   Diamond,  hardness 


MiNEBALS — 
of,  xxx.  81 ;  in  Brazil,  iii,  97  ;  iv.  34; 
Dioptase.  Arizona,  iii,  325  ;  Dolomite, 
i,  435;  Dopplerite,  ii.  489;  iii,  154; 
Dufrenite,  ii,  65 ;  DumorUerite,  ii. 
157  ;   Dumreicherite,  v,  393. 

Eichwaldite,  vi.  485  ;  Eleonorite,  i,  411; 
P^meralds,  N.  Carolina,  ii,  489;  vii, 
1 63  ;  ix.  250 ;  xxx,  82  ;  Empholite,  vi, 
156;  Endlichite,  xxx.  81;  Enophite, 
iv,  70;  Enstatite,  iii,  155;  vi,  33; 
Epidote,  iv,  350;  Erythrite,  iii,  163; 
Euxenite,  iv,  372. 

Fairfioldite  from  Bavaria,  ix.  420 ;  Paj- 
alite,  ix,  250;  xxx,  68;  Feldspar,  V, 
331 ;  enlargements,  Vanhise,  \\l  399; 
Fergusonite,  iv,  373 ;  Fibrolite,  iv. 
399;  Fluorite,  iv,  351;  v.  333;  vii  j 
215;  Fredricite,  ii.  156;  Frigidite,  ii,  ! 
156.  1 

Gahnite,  ix,  455  ;  Galenite.  iv.  351 ;  v,  I 
339 ;  synthesis  of,  viii,  455 ;  Garnet,  ' 
V,  3.34;  Gearksutite,  vi.  284:  Ger* 
hardtite,  xxx,  50  ;  Gold,  palladium,  v, 
161  ;  Goyazito,  viii,  237;  Graphite,  v. 
419;  Groddeckite,  vii,  74;  Guadal- 
cazarite,  i,  316;  Guitermanite,  ix, 
340;  Guunisonite,  iv,  70. 

Halloysite,  viii,  23 ;  Halotrichite,  viii, 
24;  Hanksite.  xxx,  133, 136;  Hayesine, 
iii,  458;  Helvite.  iv,  156;  v,  160, 
338;  Hematite,  iv,  355;  vi,  456; 
polyhedral  cavities  in.  iii,  67 ;  Her- 
derite.  vii,  7.3,  135,  229;  viii,  401; 
analysis  of.  viii,  318,  471;  Heu- 
landitc,  iv.  357  :  Hiddenite,  i,  128:  li. 
179,489;  iii,  68;  ix,  250;  Hieratite, 
iv,  70;  Hornblende,  enlargements  of, 
xxx,  231  ;  paramorplnc  origin  d. 
Irrtntj,  viii,  464 ;  and  pyroxene,  viii 
259;  xxx,"  395;  Hubuerite,  vii.  357; 
Humite,  v.  311;  Hyalite,  iv,  355 ;  viii, 
25;  ix.  263;  HydVargillite,  vii,  74; 
Hydrobiotite,  iv.  70. 

Igelstromite.  vi,  156;  Ilosite,  ii.  490; 
lodolite,  vi,  32 ;  lodyrite,  xxx,  81 ; 
Iron,  nickeliferous,  iii,  229 :  native, 
v.  160;  vii,  409;   Itabirite,  ii,  222. 

Jade  and  peotolite,  viii,  20  ;  Jarosite.  i, 
160;  ix,  341;  Jeremejeffite,  v  47S; 
vi,  485. 

Kaolin,  iv,    .349,    357  ;  from   quartzyte. 
Dana,  viii     449 :  crystals,    vii,   472 
Kelyphite,  iv,  70 ;  Koninckite,  ix,  341 

Liiutite.  ii.  155;  iv.  475  ;  Lawrencito,  v, 
420;  Lazulite,  i,  410;  Lead,  native,  v, 
161;  silicate,  artificial, xxx.  138;  Lepid- 
olitc,  vii.  304;  Lemilite,  (lennilite), 
iv,  70 ;  Limonite.  ii,488 ;  Lithiophilite, 
vif  1 76 ;  litidionite,  lii«  155 ;  LolUngtte^ 


kt 


87] 


VOIJMKS    XXI-XXX 


ys:^ 


Minerals — 

Magnetite,  vi,  486 ;  Manganbrucite,  iv, 
232 ;  Mauganhedenbergite,  vi,  156, 
157 ;  Manganostibiite,  viii,  236  ;  Mar- 
garita, iv,  399  ;  viii,  22  ;  Margarodite, 
vii,  215  ;  Martite,  iv,  375  ;  Brazil iaD, 
ill,  373;  Melanotekite,  iii.  155;  Me- 
loDite,  ix,  341  ;  Meneghinite,  Canada, 
vii,  411  ;  Mercury,  native,  ix,  280; 
Mesolite,  iv,  133 ;  Metacinnabarite,  i, 
31&  ;  ix,  452;  Mica,  green,  vii,  74 ; 
Microlite,  ii,  82;  v,  335;  xxx,  82; 
Mimetite,  ii,  202  ;  v,  160  ;  Minium,  v, 
161  ;*  Molybdomenite,  iv,  71  ;  Mona- 
aite,  North  Carolina,  i,  159 ;  ii,  21,  22; 
iv,  247,  250 ;  Portland,  Conn.,  iv,  250; 
ix,  263;  Virginia,  iv,  153,  250;  v, 
337  ;  Monetite,  iii,  400,  405  ;  Monite, 
iii,  400;  Montraorillonite,  vii,  214; 
Muscovite,  vii,  215. 

Natrolite,  iv,  355,  356  ;  Neocyanite,  i, 
412;  Niccolite,  viii,  122;  Nickel  in 
Oregon,  iv.  155  ;  Nocerine,  iii,  155. 

Octahedrite.  i,  160?  viii,  234 ;  Olivenite, 
ix,  341 ;  Onofrite,  i.  312,  315 ;  Orpi- 
ment,  i,  219;  Othite,  iv,  153;  v, 
335;  (Mhoclase,  i,  160;  iii,  6T  ;  ar- 
tificial, ii,  491 ;  vi,  276. 

Padmolite,  vi,  276;  Palladium  gold, 
native,  v,  161  ;  Parachlorite,  iv,  71 ; 
Pectolite,  viii.  20 ;  Phenacite,  iv,  282; 
ix,249;  PhytocoUito,  iii,  155  ;  Picite, 
i,  411;  Picro-epidote,  v,  479;  Plati- 
num, ii,  25;  Polylithionite,  ix,  72; 
Prehnite,  iv,  270,  354;  Prochlorite, 
viii,  24;  Prosopite,  vi,  288,  291; 
Protochlorite,  iv,  71;  Proustite,  xxx, 
402;  Pyrargyrite,  xxx,  402;  Pyrite, 
iv,  350 ;  vi,  486 ;  Pyrochlorei  v,  339 ; 
Pyroclasite,  iii,  400 ;  Pyrophyllite,  vii, 
74;  Pyroxene  and  hornblende,  viii, 
269  ;  xxx,  395  ;  of  New  York  Island, 
i,  430;  ''tricUnic,"  vi,  76. 

Quartz,  i,  159;  iv,  351;  vii,  215,  304; 
Quartz  crystals,  ii,  23  ;  fluid-bearing, 
T,  393 ;  in  sandstones,  iii,  257  ;  iv, 
47 ;  V,  401 ;  gases  in  smoky,  i,  203, 
209 ;  Quartz-twin,  Brown,  xxx,  191. 

Realgar,  i,  219;  Rezbanyite,  iv,  476; 
Rhabdophane,  vii,  200  ;  Richellite,  vi, 
411 ;  Rinkite,  ix,  72  ;  Riolito,  i,  315  ; 
Rutile,  i,  159;  ix,  250. 

Safflorite,  ix,  369,  496;  Salmite,  vii,  494; 
Samarskite,  ii,  23;  iv,  373,  475;  eartb- 
metals  of,  iv,  226 ;  Sanidine,  vii,  94 ; 
Sapphire,  Mexico,  vi,  75 ;  Saponite, 
It,  356;  Saussurite,  viii,  21 ;  Schnec- 
bergite^  ii,  156;  Scovilllte,  v,  459; 
ideDtical  with  rhabdophane,  vii,  200 ; 
Sdmibenite,  v,  418 ;  Schuchardtite, 
^    ^tlf  8«lMlito,iv,351,  354;  Semsey- 
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ite,  ii,  490;  Serpierite.  ii,  156;  8ider- 
ite,  iii,  325;  Silfbergite,  vi,  156,  157  ; 
Silica,  iv,  290 ;  artiticial  forms  of,  iv, 
230  ;  Siliciophite,  iv,  70 ;  Silver,  na- 
tive in  N.  Jersey,  xxx,  80  ;  Sipylite.  ii, 
52;  Smaltite,  iii,  380;  ix,  420; 
Sphalerite,  iv,  350  ;  Sphene,  iv,  355  ; 
cleavage  of,  ix.  486;  Spinel,  iv,  398; 
Spodumene.  emerald-green,  i,  128, 
159;  ii,  179,  489;  Dakota,  vi,  235; 
ix,  71;  Steonstrupine,  v,  159;  Stib- 
nito,  V,  339 ;  Japan,  vi,  214;  viii.  402 ; 
Stilbite,  iv,  356,  357 ;  Sulphur  depos- 
its, Utah,  V,  158. 

Talktriplite,  iv,  233  ;  Tantalite,  viii,  430; 
Tonnantite,  Canada,  vii,  411 ;  Thenard- 
ite.  ii,  204;  Thinolite,  xxx,  390;  Thom- 
senolite,  vi,  279;  Thomsonite,  in,  455 ; 
Tiemannite,  ix,  449;  Titanite,  viii,  234; 
cleavage  in,  ix,  486;  Topaz.  Colorado, 
iv,  282 ;  vi,  484 ;  vii,  94 :  Maine,  v, 
161;  vii,  212;  ix,  378;  Torbanite,  ii, 
32;  Tourmaline,  i,  160;  iv,  355;  viii, 
456;  Maine,  vii,  154,  303;  Triphy- 
lite,  vii,  214;  Triplito,  vii,  214;  Tri- 
tochorite,  ii,  155;  vi,  362;  Troilite,  v, 
418  ;  Turquois,  New  Mexico,  SiUiman, 
Blake,  ii,  67;  v,  197;  Tyreeito,  ii, 
156  :  Tysonit^,  vii,  481. 

Ulexite,  ii,  323;  Uraninite,  ii,  22;  iv, 
372;  Uranopilite,  iv,  476;  Urano- 
thallite,  iv,  70;  Urano-thorite,  i,  IGl; 
Utahite,  viii,  236. 

Vanadinite  in  Arizona,  ii,  198,  235 ;  viii, 
145;  Vanadium,  iii,  381;  Vauquelin- 
ite,  ii,  198;  203;  Vivianite,  iv,  155; 
viii,  25;  Volborthita.  ii,  201. 

Wad,  iv,  355;  Wavellite,  vii,  74;  Wol- 
longongite.  ii,  32  ;  Wulfenite,  ii,  198, 
203.    Wurtzite,  iv,  476. 

Xenotimo,  i,  244;  ix,  249. 

Zincalluminito,  ii.  400 ;  Zinckenito,  ix, 
341  ;  Zircon,  i.  507  ;  iv,  284;  vii,  215; 
ix,  250 ;  Zoisite,  iv,  398 ;  Zunyite,  ix, 
340. 

Minnesota,  brick  clays  of,  iii,  64. 

Crustacea  of,  Htrrick,  viii,  322 ;  ix, 
68. 

flora  of,  viii,  472. 

geological  reports,  iii,  62,  64 ;  v,  88, 
155;  viii,  155,  316,  322,  472;  ix,  68; 
xxx,  396. 

geology  of,  viii,  316. 

Glacial  man  in,  vi,  328. 

phenomena   in,    Winchell,  i, 
358 ;  iii,  62. 

granite  of.  ix.  08. 

hornblende  of,  Ii-ving,  vi,  27,  :i'2\  ; 
vii,  130 ;  viii,  464. 
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Minnesota,  red  quartzites  of,  xxx.  316. 
Minnesota  Valley  in  the  ice  age,  Uphavi, 

vi,  327  ;  vii,  34,  104.      , 
Mississippi,   Old-tertiary    of,    ix,    457 ; 

xxx,  60,  266,  270,  300,  421. 
Mississippi  water,  analysis  of,   ix,  291. 
Missouri,  longitude  of   Morrison  Obser- 
vatory, iii,  77. 
magnetic  survey  of,  Nipher,  i,  310. 
Mitchell,  H.,  on  changes  of  level  on  New 

England  coast  i,  77. 
Moale,  W.  A.,  Hand-book  of  Vertebrate 

Dissection,  viii,  77. 
Molecular    shadows     in    incandescent 

lamps,  xxx,  314. 
Montana,  glacial  drift  in.  White,  v,  206 ; 

vii,  112. 

the  Green  River  group  in,  White^  v, 

411. 
Moon's  motion,  Stockwell,  ix,  160. 
Moraine,  see  Glacier. 
Moreland,  S.  T.,  formation  of  diffraction 

bands,  ix,  5. 
Motley^  E.  W.,  analysis  of  air,  i,  83. 

cause  of  variations  in  the  amount 
of  oxygen  in  the  air,  ii,  417. 
on  Jolly's  Hypothesis,  ii,  429. 
moisture     which     sulphuric    acid 
leaves  in  a  gas.  xxx,  140. 
M&rse,  E.  S.,  changes  in  Mya  and  Luna- 
tia,  ii,  323,  415. 

worked    shells    in    New    England 
*  shell'heaps,  ii,  323. 

ancient  Japanese  bronze  bells,  ii, 
326. 
Moseley,  H.  K,   eyes   in  the  shells  of 
Chitonidae,  ix,  422,  498. 
Deep-sea  Fauna,  viii,  319. 
Mountain,  see  Geology. 
Miiller,  F.  v.,  Eucalyptographia,  i,  249 ; 
xxx,  83. 

Census  of  Australian  Plants,  vi,  78. 
Miiller,  H.,  Fertilization  of  Flowers,  vi, 
324. 
memorial  fund,  vii,  421. 
Miiller,  N.  J.  C,  Handbuch  der  Botanik, 

vii,  322. 
Muir,  M.  P.,  Principles  of  Chemistry,  ix, 

255. 
Murdock,  J.  B.,  Electricity  and  Magnet- 
ism, vii,  320. 
Murray,  A.,  Geological  Survey  of  New- 
foundland, V.  88. 
Museum,  American,  Bulletin  of,  iii,  153. 
of   Archaeology,  Cambridge,  Report 
of,  vii,  407. 

of  Comparative  Zoology,   Bulletin, 
iii,  Vl'l. 


H 

Naphthalene,  molecular  compounds  of,  ?, 

228, 
Nathorst,  A.  G.,  Fossil  Flora  of  Japan,  t, 

396. 
National  Dispensatory,  viii,  322. 
Naturalists,  Society  of.  v,  399. 
Xaumann,  C.  P.,  Mineralogie,  iii,  68. 
Nebraska,  test- well  at  Brownville.  Wdt, 

ix.  159. 
Nebula  of  Orion,  photograph  of  spectrum 
of,  Uugginl  iii,  335  ;   Draper,  iii,  339. 
Nebulte,  photographs  ol  i,  401.  | 

Nef,  J.  N.,  chemical  contributions,  vi,  143. 
Nelson,  E.  W.,  Birds  of  BehringSeaand 

the  Arctic  Ocean,  vii.  417. 
Neurine,  containing  oxyisopropyl,  i,  ^0. 
;  Nevada,  foot-prints,  vi,  139. 
erythrite  from,  xxx,  163. 
Eureka  District,  vii,  65  ;   ix,  416. 
Geology    of   the    Comstock  Lode, 
Becker,  vi,  479. 

Washoe  rocks,  Hague  and  Iddingf, 
xxx.  388. 

mineral  vein  formation  in,  LeConU, 

V,  424. 

nickel  ore  from,  Newberry,  viii,  122. 
Newberry,  J.  5.,  genesis  of  ores  of  iron, 

i,  80. 

coking  coal  and  anthracite  of  Colo- 
rado, iii,  64. 

Origin  and  Relations  of  the  Carbon 
Minerals,  iv,  232. 

Geological  Survey  of  Ohio,  v,  311. 

fossil   plants  from  Northern  China, 
vi,  123. 

Richthofen's  Chma,  vi,  152. 

the  deposition  of  ores,  viii,  406,  465. 

geology  along  the  Northern  Pacific 
R.  R.,  XXX,  337. 
Newberry,  S.  B.,  nickel  ore  from  Nevada, 

viii,  122. 
New   Bninswick,   Devonian  insects  of, 
Scudder,  i,  111. 

geological  report,  i,  506. 

native  antimony  from,  xxx,  275. 

paleontologic  notes  on,  Walcott,  ix. 

114. 
Quaternary  of,  xxx,  242. 
Newcomh,  S.,  transits  of  Mercury,  v,  317. 
points  in  climatology,  vii,  21. 
Transit  of  Venus,  ii,  84. 
New  England  Coast,   changes   of  level 
of,  i,  77. 

metamorphic  rocks  of.  i,  505. 
Newfoundland,   Paradoxides  Davidis  in, 
xxx,  72. 

rocks  and  ores  of,  viii,  94. 
Now    Hampshire,    Albany   granite   of, 
'      Hawes,  i,  21. 
^^^ft>N  Svix'afe^  ^  \vtUiaian  welU  of,  xxx,  161. 
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New  Jersey,  cretaceous  amber  from,  v, 
234. 

diabase  intersecting  zinc  ore,  Emer- 
son, iii,  376. 

dyke  of  elseolite-syenite,  in.  Emer- 
aon,  iii,  302. 

geological  reports,  i,  409 ;  ii,  17  ; 
iu,  325;  v,  383;  vii,  408;  xxx,  161. 

glacier,  thickness  of,  Smock,  v,  339. 

bayesine  from  Bergen  Hill,  iii,  458. 

Highlands,  height  of,  vii,  408. 

human  tooth  in  Trenton  gravel,  vii, 
•4498. 

Jura-trias  of,  v,  383. 

mastodons  in,  iv,  294. 

native  iron  in,  vii,  409. 

native  silver  in,  Darian^  xxx,  80. 

paleolithic  gravels  of,  iii,  242. 

palieoliihic  implements  from,  iii,  1 52. 

Triassio,  tliickness  of,  ii,  78. 

trap  of,  ii,   230  ;  iv,  345  ;  v,  383, 
474  ;  vii.  408  ;  xxx,  161. 

unconformability  in  the  Silurian  of, 

vii,  153. 

Newlands,  J.  A.  R.,  Periodic  Law,  and 

Relations  of  Atomic  Weights,  vii,  485. 

New  Mexico,   Burlington  hmestone  in. 

Springer,  vii,  97. 

Carboniferous  of,  iv,  150. 

Eocene  fossils  of.  ii,  408. 

Laramie  group  of,  Stevenson,  ii,  370. 

meteoric  iron  from,  Kunz,  xxx,  235. 

turquois  from,  ii,  67;  v,  197. 
New  South  Wales,  Royal  Society  of,  iv, 

319;  vi,80;  viii,  160. 

Minerals  of,  Liversidge,  vi,  76. 
Newton^  E.  T„  Gastomis  Klaassenii,  xxx, 

318. 
Newton^  H,^  geology  of  Black  liiUs,  ii, , 

399. 
Newton^  H.  A.,  obituary  of  M.  Chasles,  i, 
165. 

astronomical  notices,  ii,  84,  4 1 6 ;  iii, 
160;  V,  165,  398;  vii,  77,  244;  viii, 
404. 

obituary  of  Benjamin  Peirce,  ii,  167. 

minor  planets,  iii,  249. 

notice  of  Peirce's  Algebra,  iii,  336. 

notation  of  comets,  iii,  160. 

notice  of  Minchin's  Kinematics,  v, 
233. 

of  Coast  Survey  Report,  v,  398. 

Craig's  Treatise  on  Projections,  vii, 
245. 

compensation  of  chronometers,  ix, 
497. 

Cremona's  Geometry,  xxx,  489. 

effect  upon  earth's  velocity  of  small 
bodies  passing  near  it,  xxx,  409. 
New  York,  Becraf  t's  Mountain,   Davis, 
vi,  381. 


NewTork,  Bronx  Valley  pot-holes,  v,  1 58. 

channel-fillings,  Devonian,  Williams^ 
i,  318. 

Cortlandt  rocks,  Doma^  ii,   103  ;    v, 
478  ;   viii,  384. 

Devonian   Crustacea  of,  Clarke,  iii, 
476;  iv,  56;  v,  120. 

Devonian  fossils  of,  i,  44. 

dip  of  rocks  in  central,  WiUiamSj  vi, 
303.  ' 

drainage  and  rainfall  of,  vii,  418. 

fauna  of  the  Chemung,  Willicmis,  v, 
97. 

geological  reports,  iv,  318 ;  v,  391 ; 
vii,  418;  viii,  234. 

glacial  phenomena  of  Long  Island, 
V,  475  ;  viii,  230. 

Niagara  River,  viii,  32. 

Gundlachia  in,   Clarke^  iii,  248. 

gypsum  deposits  in.  xxx,  212. 

Eurypterida  from,  iii,  161,  213,  418. 

new  Dinichthys  from,  Ringueberg, 
vii,  476. 

Orange  Co.  fossils,  Darton,  xxx,  452. 

Primordial  fossils  in.  Ford,  viii,  35. 

Schenectady  rocks,  Ibrd,  ix,  397. 

Schodack  landing,  rocks  near,  Ford, 
viii,  36,  206,  242;  ix,  16. 

Sea-bottom  off  New  York  Bay,  Lin- 
denkohl,  ix,  475. 

Spiraxis  from,  xxx,  244. 

Staten  Island  geology,  ii,  488. 

Taconic  of,  Dana,  ix,  205,  437. 

unconformability  at  Rondout,  Dat'is, 
vi,  389. 

Wappinger  Vallev  limestone  fossils, 
DwigH  i,  78;  vii,  249. 

Westchester  Co.   geology,   Dana,  i, 
425;  ii,  103,  313,  327. 
New  Zealand,  fauna  and  flora  of,  Hutlon, 
ix,  343. 

Institute,  Transactions  and  Proceed- 
ings of,  xxx,  246. 
Niagara  Falls,  as  a  source  of  energy,  ii, 
397. 

River,  see  Geology. 
Nicaragua,  supposed   human  footprmts 

in  sandstone  of,  vii,  239. 
Nichols,  E.  L.J  electrical  resistance  of  in- 
candescent platinum,  ii,  363. 

duration  of  color  impressions  on  the 
retina,  viii,  243. 

a  study  of  pigments,  viii,  342. 

sensitiveness  of  the  eye  to  colors, 
xxx,  37. 
Nicholson,  H.  A.,  Silurian  Fossils  of  the 
Girvan  District,  i,  243. 

Structure  and  Affinities  of  Monti- 
culipora,  ii,  322. 

Classiticatiou  of  the   Animal   King- 
dom, iv,  478. 
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Nickel,  separation   of,  from  cobalt,  xxx, 
75. 

magnetic  permeability  of,   Perkins^ 
XXX,  218. 
ore  in  Oregon,  iv,  155. 
Nipher,  F.  E.,  magnetic  survey  of  Mis- 
souri, i,  310. 

arrangement  for  transmitting  clock- 
beats,  iv,  54. 

isen  tropic  curve  for  a  perfect  gas,  iv, 
138. 

evolution  of  the  trotting  horse,  vi, 
20,  86 ;  vii,  44. 

electrical    resistance  expressed  in 
terms  of  a  velocity,  vii,  465. 
Nitrates,  artificial,  xxx,  50. 

detection  of,  in  plants,  viii,  239. 
Nitrogen,  determination  of,  xxx.  153. 
oxides,  action  of.  on  glass,  iii,  55. 
selenide,  v,  227 ;  vii,  141. 
solidification  of,  vii,  319. 
sulphide,  iv,  57. 
Nomenclature,  Gray,  iii,  157;   vii,  396. 
Nordenskiold,    A.    K.,    Voyage  of  the 
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phosphates,  deposits  of,  viii,  75. 
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iii,  496. 
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482 ;  V,  89  ;  Draper,  Jolrn  W.,  iii,  183; 
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Mead,  S.  B.,  iii,  333  ;  Miller,  W.  H.,  i, 
379;  Morgan,  Lewis  H.,  iii,  166;  MSl- 
ler,  Hermann,  vii,  243 ;  Munro,  G«q. 
Wm.,  iii,333. 
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Angus,  viii,    79 ;    Spottiswoode,    Wil- 
liam, vi.  160. 

Tennant,  J.,  i,  338;  Thomson,  C.  Wyville, 
iii,  338,  496 ;  T>'lor,  Alfred  ii,  268. 

Vaiii,  William  S.,  iii,  498. 

Warren,  Gren.  G.  K.,  iv,  240;  Watson,  J. 
C,  i,  62 ;  Watts,  Henry,  ix,  172,  268; 
Wheatley,  Charles  M.,  iii,  498 ;  Wil- 
liamson,  John,  ix,  172;  Wood,  Al- 
phonso,  iii,  333  ;  Woo<i,  Searles  Val- 
entine. Jr.,  ix,  348  ;  Wright,  Cliarles, 
:,  247. 


Objectives,   color  correction   of  double, 

Hastings^  iii,  167. 
Observatory,  Argentine,  Zone  Catalogue 
of,  iv,  302;    ix,  79. 

Cincinnati,  publications  of.  vii,  421. 

Report  of.  xxx,  404. 
Harvard,  Annals  of,  iv.  402 ;  ix,  498. 

Report  of,  iii,  161. 
Morrison,  longitude  of.  iii,  77. 
U.   S.   Naval,   observations  at.   ii, 
416;  iii,  160,  495;  iv,  301,  403.  488; 
V,  240. 

Washburn,  publications  of,  iv,  403. 
Ocean  basins,  origin  of,  ix,  336. 
deep-sea  fauna,  viii,  319. 
deposits,  VerriU^  viii,  379. 
soundings  of  the  Blake,  iv,  447,  479. 
temperatures,  arctic,  i,  163. 
water,  carbonic  add  in,  iii,  53 :  xxx, 
387. 

composition  of,  xxx,  385. 
Oceanic  life,  distribution  in  depth,  Facihs^ 

V,  163. 
Octosulphates.  ix,  165. 
Odontomithes,  noticed,  i,  255. 
Ohio,  bituminous  matter  in  black  shales 
of,  iv,  171. 

C4irboniferou8  snail  from,  i,  125. 
geological  reports,  v,  311 ;  ix,  68, 
glacial  boundary  in,  vii.  410. 
glaciated  area  of,   Wright,  vi,  44. 
well  at  Cleveland,  xxx.  3 1 6. 
Ohio  River  flood  of  1884,  vii,  419. 
Ohm,  method  of  determining,  vi,  321. 
determinations  of,  ii,  484 ;  v,  309  ; 
viii,  71  ;  ix,  168. 

in  terms  of  mech.  equivalent 
of  heat,  xxx,  22. 
Oil,  effect  of  on  waves,  v,  231. 

aee  Geolooy. 
Ontario,  skeleton  of  whale  from,  v,  200. 
Utica  fossils,  iv,  278. 
see  Lake  Ontario^  under  Geoloot. 
Optics,  physiological.  Backhouse,  vi,  305, 
A9e;- Nichols,    viii,    243;    xxx,    37; 
Pdrce,  vl,  299;  Stevens,   ii,  358,  443; 
iii,  290,  346;  iv,  241,  331 ;  vi,  399. 
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Oregon,    fulgurite    from    Mt.    Thielson. 
Diller,  viii,  252. 
lakes  of,  DoweU^  i,  415. 
nickel  ore  in,  iv,  155. 
volcanoes  of,  Hague,  vi,  222. 
Ores,  see  Geology. 

Organic  compounds,  heat  of  combustion 
of,  xxx,  164. 

liquids,  physical  properties  of,   iii, 
234. 

critical  temperatures  of,  iii,  483. 
Orion,   E.,  bituminous  matter  in   Ohio 
black  sbales,  iv,  171. 

deep  well  at  Cleveland,  xxx,  316. 
Ohio  Geological  Report,  ix,  68. 
Osbom,  H.  F.,   Orthocynodon  from  the 
Eocene,  iv,  223. 

Loxolophodon  and  Uintatherium,  ii, 
235. 
Osboi'ne,   T.   B.,  quauiicauve  uoi.eniiiua- 

tion  of  niobium,  xxx,  329. 
Owen,  7?.,  uterine  ova  of  Echidna,  ix,  74. 

Cephalopoda,  iii,  72. 
Oxi4ation,  spontaneous,  of  metals,  ii,  217. 
Oxide,  pernitric,  i,  398;  iv,  58. 
Oxides,  effect  of,  in  the  decomposition  of 
potassium  chlorate,  iii,  236. 

reduction  of  metallic,  by  electricity, 
xxx,  308. 
Oxygen,  boiling  point  of,  vii,  319;    viii, 
150.  . 
lines,  telluric,  vi,  477. 
new  absorbing  agent  for,  xxx,  155. 
production  of  active,  iii,  410. 
simple  method   of  liquefying,  xxx, 
73. 

variations  in  amount  of,  in  the  air, 
Morley,  ii,  417,  429. 
Oyster,  J.  H.,  Catalogue  of  Plants,  xxx, 

85. 
Ozocerites,  Caucasian,  vi,  403. 
Ozone,  absorption-spectrum  of,  iv,  56. 
causing  the  luminosity  of  phospho- 
rus, ii,  145.     . 

liquefaction  of,  iv,  57. 

presence  of,  in  atmosphere,  i,  66. 

researches  on,  i,  233. 


Pacific  Ocean,  coral  reefs  of,  bathymetric 
map  of  part  of,  and  movements  of 
crust  beneath,  xxx,  89. 

analysis  of  coral  hmestone  from, 
xxx,  244. 
currents  of,  xxx,  185. 
Packard,  A.  S.,  new  Carboniferous  Lim- 
uloids,  xxx,  401. 
embryology  of  Limulus,  xxx,  401. 
7jOo]o^y,  noticed,  i,  162. 
The  Hessian  Fly,  ii,  415. 
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Paekardj  A.  S.j  Cambarus  primfevus,  iii, 
163. 

Chautauqua  Scientific  Diagrams,  iii, 
418. 

Insects    injurious    to    Forest  and 
Shade  Trees,  iii,  496. 
Pagosa  Springs,  water  of,  i,  84. 
Pailleux,  A.,  Le  Potager  d'un  Curieux, 

zzz,  164. 
Paleontology  of  Austria- Hungary,  i,  157. 

see  also  Geology. 
PtUmer,  O.  M.,  chemical  contributions, 

vi,  143. 
Parallax  of  a  Lyrse  and  61'  Cygni,   v, 
166. 
stellar,  viii,  404;  ix,  78. 
Parker,  T.  J.,  A  Course  of  Instructiou 

in  Zootomy,  viii,  76. 
Parlatore.  P..  Flora  Italiana,  viii.  403. 
ParrafBns,  new,  ix,  254. 
Parry,  C.  C,  Chorizantho,  viii,  76. 
Para<ma,  F.  J.,  comet  1882.  I,  vii,  32. 
Patterson,  H.  N.,  Check-list  of  North 

American  Gamopetahe,  xxx,  85.  • 
Peale^  A.  C,  thermal  springs  of  Yellow- 
stone Park,  vi,  243,  410. 
Pearls,  American,  ix,  83. 
Peckam,  S.  F.,  origin  of  bitumens,  viii, 

105. 
Peirce,  B.,  memorial  volume,  i,  337. 

Linear  Associative  Algebni,  iii.  336. 
Peirce^  B.  Z>.,  Jr.,   sensitiveness  of  the 

eye  to  color,  vi,  290. 
Peirce,  C.  5.,  oscillation  of  peudulums, 

iv,  264 
Penck,  A.,  The  Glaciation  of  the  Ger- 
man Alps,  not.,  vi,  72. 
Pendulum,  irregularities  of  the,  iv,  175, 
254. 
lengths  of,  ix,  52. 

observations.  Japan,  MemletihalL,  i, 
99. 

use  of.  in  determining  tlie  earth's 
density,  ix,  402. 
Penfidd,  S.  L.,  jarosite,  i,  IGO. 
monazito,  iv,  250. 
scovillite,  v,  459 ;  vii,  200. 
lithiophilite,  vi,  176. 
dest^oizito  from  Moiicx),  vi,  3GI. 
alkalies  in  beryl,  viii,  25. 
tiemannite  and  metacinnabarito,  ix, 
449. 

goriiardtito  and  artificial  basic  cup- 
ric  nitrates,  xxx,  50. 
crystals  of  fayalite,  xxx.  59. 
analoite  Phoenix  mine,  xxx,  1 1 2. 
hauksite,  etc.,  xxx,  136. 
PenhaUow,  D.  P.,  herbage  of  permanent 

meadow,  vi,  305. 
PennHvlvimiji,    anthracito     survey,     ii, 
152;  V.  157,  '^^'\, 


Pennsylvania,  axinite  from,  Frazitr^  ir, 
439. 

Centre  county,  viii,  396 ;  ix,  29. 
Coal  Flora  of,  i,  329;  viii,  470. 
corundum  from  Lehigh  Co.,  iv,  156. 
geol.  atlas,  ix,  340,  496 ;  xxx.  160. 
geological  reports,  see  Gsolooicil 
glaciation  in,  supposed,  v,  473;  vt 
483;  viii.  276. 

hydrocarbon,  jelly-like,  from  SaiD- 
ton,  ii,  489;  iii,  154. 
millstone  grit  in,  i,  134. 
moraine,  terminal  in,  viii.  231,  276. 
oil  regions  of,  i,  242;  ii,  78. 
Spiraxis  from,  xxx,  244. 
Susquehanna  River  region,  vii,  149. 
terraces  of  western,  vi,  327. 
Penrose^   C,   B.,  the  Thomson  effect,  iv, 

379. 
Periodic  Law,  Discovery  of,  NewUayik 

vii.  485. 
Perkins^  G.  A.^  magnetic  permeability  of 

nickel,  xxx,  218. 
Peptones,  theory  of,  iii,  146. 
Perlitic  structure,   development  of,  riii, 

461. 
Perry ^  J.  H.,  coal  plant  in  mica  sdiist 

at  Worcester,  Mass.,  ix,  157. 
Perry^  N.  If.,  chrysoberyl  in  Maine,  ix. 

263. 
Perseite,  a  new  sugar,  ix,  166. 
Persulphuric  oxide,  so-called,  iii,  410. 
Peters,  C.  H.  F.,  new  planetoid,  vi,  236. 

Celestial  charts,  v,  88,  167. 
Petfersen,  K.,  terraces  and  ancient  coast- 
lines in  Norway,  ii,  149. 
Pettersson,  0.,  water  and  ice,  vii,  62. 
Hydrography  of  the  Siberian  Sea, 
vii,  64. 
Petroleum,  constitution  of  Galidan,  rii, 
55. 
from  the  Caucasus,  i,  67 ;  iii  145. 
hydrocarbons,  splitting  of.  iii.  237. 
see  Oil,  under  Gkoloot. 
Pfeffer,  W.,  Pfianzenphysiologie,  vii,  322. 
Phenol  coloring  matters,  ix,  402. 
Philadelphia.    American     Philosophicil 

Society,  xxx,  86. 
Phillipine  Islands,  earthquake,  i,  52. 
Phillips.  F.    C,   absorption  of  metallic 

oxides  by  plants,  iii,  491. 
Phillips,  J.  A.,  Ore  Deposits,    viii,   406, 

469. 
PJiillips,  W.  B.,  X.  C.   phosphates,  viii. 

Phc»8phorescence,  iii.  322. 

Phosphorescent  eye-piece,  vii,  236. 

Phosphoroffraph  of  the  solar  spectrum. 
Drajter,  i,  1 7 1 . 

Phosphorus,  oxidation  at  low  tempera- 
tures^ vii^  235. 
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Phosphorus  oxide,  iii,  144. 

yalence  of,  xzx,  483. 
Photographic  dry  plates,  tests  of,  ix, 

406. 
Photographing  colored  objects  in  their 

natural  shades,  viii,  223. 
Photographs  of  nebulse,  i,  401. 

of  spectrum  of  comet,  ii,  134,  163. 
Photography,  in  electrical  measurements, 

Trowbridge  and  Hayes ^  ix,  374. 
Photometry,  nitrogen  iodide  in,  vii,  234. 
Photophone,  Bell,  i,  463. 
Physics,   Text-Book  of  the   Elements, 
Gage,  v,  383. 

Text-Book  of  Principles,    Daniefl, 
vii,  487. 

Elementary  Text-Book,  ^n^Aon^  and 
Brackett^  ix,  61. 
Pickering,   E.    C,   light  of  comparison 
stars  for  Vesta,  viii,  17. 

Observatory  Report,  i,  166;  iii,  161. 
Annals  of  Observatory,  viii,   319; 
ix,  498. 
Pickering,  W.  H.,  evolution  of  the  trot- 
ting horse,  vi,  378. 
Pigments,  a  study  of,  Nichols^  viii,  342. 
Pinner,  A..  Organic  Chemistry,  v,   232 ; 

ix,  255. 
Piperidine,  synthesis  of,  vii,  406. 
Planet,  new,  Peters,  vi,  236. 

Vesta,  study  of,  Harrington,  vi,  46 1 . 
comparison  stars  for,  Pickering, 
vui,  17. 
Planets,  figures  of,  ii,  82. 

lists  of  minor,  iii,  249,  334. 
see  also,  Mercury,  etc. 
Plants,  see  Botany  and  Geology. 
Platinoid,  electrical   resistance  of.  xxx, 

240. 
Platinum,  atomic  weight  of,  i,  398  ;  ix, 
253. 

electrical  resistance  of,   Nichols,  ii, 
363. 

nugget  of.  Collier,  i,  1 23. 
Piatt,  F.,  Pennsylvania  Geological  Re- 
ports, i,  409;  ii,   152. 
Plowright,   C.   B.,^  Heteroecism    of  the 

Dredines,  v,  314. 
PoggendorflE,  J.   0.,   Dictionary  of  the 

exact  sciences,  ii,  245, 
Pohlman,  J.,  Pterygotus,  ii.  234. 
Polar  stations,  international,  ii,  164. 
Polariscope,  new  form  of,  viii.  466. 
Polarization,  alleged,  of  sound,  i,  501. 
magnetic    rotatory,    and    chemical 
composition,  iv,  389. 

magnetic  rotatory  of  gases,  i,  1 39. 
of  light  of  comets,  ii.  137,  142,  372. 
of  the  corona,  Wright,  i,  3.^4. 
oscillation  of  plane  of,  by  the   dis- 
charge of  a  battery,  iv.  228. 


Polarization,  rotation  of  plane  of,  by  mag- 
netism, ii,  397,  484;  viii,  456;  ix,  335. 
theory  of  rotation  of  plane  of.  iii, 
148. 
Popular  Science  Monthly  Index,  v,  400. 
Portugal,  geological  survey,  ix,  417. 
Potassium  chloride,  in  Absinth,  iii,  323. 
iodide,  from  seaweed,  i,  136. 
permanganate,  iii,  336. 
•Poulsen,  V.  A.,  Botanische  Mikrochemie, 

iii,  328. 
Powell,  J.    W.,   plan  of  United   State* 
geological  survey,  ix,  93. 
appointed   Director  of   Survey    of 
National  Domain,  i,  416. 

Introduction  to  Indian  languages,  i, 
166. 

Reports  of  Bureau  of  Ethnologv,  iii, 
422;  ix,  81. 

Reports  of  U.  S.  Geological  Survey, 
vii,  64,  66 ;  xxx,  486. 

Contributions  to  North  American 
Ethnology,  xxx,  248. 
Power,  device  for  measuring,    BrackeU, 

vii,  20. 
Precipitation  of  Rain  and  Snow,  Scholt's 

Tables,  iii,  250. 
Preece,  W.  H,  space  protected  by  light- 
ning conductor,  i,  141. 
Prehistoric  Fishing,  Rau,  ix,  424. 
Man  in  Egypt,  Dawson,  viii,  158. 
see  Geology. 
Pressure,  chemical  reactions  from,  xxx, 
481. 

soldering  by,  i,  336. 
Prime,  F.,  fossils  in  metamorphic  lime- 
stone in  Pennsylvania,  vii,  69. 
Princeton  Museum  Bulletin,  vi,  70. 
Prinz,  W.,  structure  of  Diatomaceaj,  vii, 

416. 
Prisms, carbonbisulphide, -Draper, ix.  269. 
Pritchett,  H.  S.,  ephemeris  of  satellites 
of  Mars,  ii,  485. 

longitude  of  Morrison  Observatory, 
iii,  77. 
Prodromus  Faunae  Mediterranese,  ix,  76. 
Projections,  treatise  on,  Oraig,  vii,  245. 
Propane,  illuminating  power  of,  xxx,  1 56. 
Prout's  hypothesis,  discussion  of,  vi,  63, 

236,  310. 
Prudden,  Manual  of  Histology,  ii,  414. 
Psychical    research,   American  society 

for.  ix,  83. 
Psychrometer,  Hazen,  xxx,  442. 
Pterodactyles,  see  Geology. 
Publications,  distribution  of  government, 

iv,  481. 
Pumpelly,   R.,    Maps  of  the   Northern 

Trans-Continental  Survey,  vii,  246. 
Putnam,    C.  E.,  elephant  pipes  in  the 
museum  at  Davenport,  Iowa,  ix,  411. 
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Putnam^  F.    TT.,  paleolithic  implements  j 

of  the  vaUey  of  the  Delaware,  iii.  162.  I 

Pyramid  problem,  v,  482.  I 


Quartz,  optical  behavior  of,  in  electrical 

field,  V,  308. 
see  also  Minerals. 
Quebec,  Devonian  fishes  from,  Whiieaves, 

1,494. 
Queen  Charlotte  Islands,  age  of  Mesozoic 

of,  WJuteavetfy  ix,  444. 
Quinones,  constitution  of,  iii,  486. 

B 

Rabenhorst's  Kryptogamen-Flora,  i,  507; 

V,  314;  XXX,  488. 
Radiometer,  phenomena  of,  v,  229. 
Radiophonic  researches,  Bell  ii,  87. 
RafiQnose  from  molasses,  ix,  334. 
Rain  areas,  Loomis,  iv,  1. 
Rainband  spectroscope,  Belly  xxx,  347. 
Rainfall  and  flood  in  New  York  and 
elsewhere,  Onrdiner,  vii,  418. 

annual,  LoomiSj  iii,  1  ;    v,  1 ;    Wbei- 
kof,  iii,  341. 

in  Middletown,  Conn.,  IVardj  v,  118. 
in  Ohio  and  Connecticut  valleys,  J. 
D,  Dana^  vii,  419. 

iu  Wallingford,  Conn.,   Harrison,  i, 
496. 

returns,  vii,  422. 
Tables  of,  SchoH,  iii,  260. 
Raleigh,  Elisha  Mitchell  Scientific  So- 
ciety of,  ix,  84. 
Raih,  G,  v.,  mineralogical  notes,  ix.  419. 
vanadates  and  iodyrite  from  New 
Mexico,  xxx,  81. 

geologische    Briefe    aus  America.' 
viii,  401. 
Rattan,  V.,  Popular  California  Flora,  iii, 

495. 
Ran,  C,  Prehistoric  Fishing  in  Europe, 

and  North  America,  ix,  424. 
Rayleigh,   Address  before  Brit.  Assoc, 

viii.  300. 
Rende,  T.   J/.,    denudation   of   the   two 
Americas,  ix,  290. 
the  Mersey  tunnel,  ix,  41. ^. 
Refraction,  double.  Oibbs,  iii,  262,  400. 
in  fluids,  ix,  250. 
in  some  isometric  salts,  vi,  407. 
of  quartz,  v,  308. 
elliptical  double,  iii,  487. 
equivalents,  Gladstone,  ix,  55. 
indices  of,  of  ethers,  i,  279. 
lateral  astronomical,  vii,  466   bis.*  \ 
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Refractive  power  and  molecular  «tn]e> 

ture  of  organic  compounds,  i,  70. 
Regelation,  Hunger/ord^  iii.  434. 
Bemserij  /.,  Boston  city  water,  iii,  260. 

Theoretical  Chemistry,  vii,  238. 
Renevier,  E.,   Les  Facies  Geologiqaea, 

ix,  262. 
Reports  of  Engineers,  index  of,  iii,  336. 

see  Geological. 
Rethwisch,   pyrargyrite,  proustite,  xxi, 

402. 
Reyer,  E.,  Zinn,  noticed,  ii,  167. 
Rhode  Island,  geology  of,  IkUe.  vii,  ^n, 
282. 
iron  ore  of,  ii,  162. 
Bice.  W.  N.,  minerals  from  Middletown, 
Connecticut,  ix,  263,  343. 
geology  of  Bermuda,  ix,  338. 
Richards,  K.  U..  Chemistry  of  Cooking 

and  Cleaning,  not.,  iii,  416. 
Richthofen,  F.  v.,  China,  vi,  80,  152. 
Ridgway,  R.,  Native  Trees  of  the  Lower 

Wabash,  iv,  400. 
Ridley,  H.  L.,  African  Cyperaoeae,  viii,  74. 
Biggs  J  B.  B.,  Grand  Rapids  meteorite, 

xxx,  312. 
Riley,  C.  V.,  Entomological  Reports,  ii, 

246;  V,  240;  vii,  417. 
Bingueberg,   h\  N.   S.,   new  Dinichthys 

from  New  York,  vii,  476. 
Rio  Negro  Expedition,  vi,  410. 
Bising,  W.  B.,  metalliferous  vein-formi- 

tiou,  iv,  23. 
River-channels,  re-eroded,  i,  155. 

see  Geology. 
Bobinson.  F.  C,  allanite   from  Topshain, 

Maine,  vii,  412. 
Robinson,  J.,  Flora  of  Essex  Co.,  i,  251. 
Bobinson,  S.  W.,  polarization  of  sound, 

i,  501. 
Rocks,  crystalline, 

of  Alabama,  Hitchcock,  xxx,  278. 
California,   igneous,    Hague  and 
Jddings,  vi,  222. 

('olorado,  hypersthene  syenite, 
andesite.  Cross,  \,  139,  391,  vi,*76. 

Great  Basin,  igneous,  Hagve  and 
Iddings,  vii,  66,  453. 

Connecticut,  trap,  Hawes,  ii,  231. 
Massachusetts,  near  Boston,  DH- 
ler,  ii,  80;  at  Milton  and  Quincy, 
Wadsworth,  iii,  418,  v,  475;  in  Kssex 
Co..  gabbro  and  syenite,  Wadsworit^ 
xxx,  163:  at  Brighton,  amygdaloid, 
iii,  65;  atBraintree,  syenite,  v,  69. 

Minnesota,  and  the  Taconic,  Win' 
cJiell,  xxx,  396;  strong^  of  granitee 
of,  ix,  68 ;  analysis  of  syenites  ot 
viii,  316. 

KeYadA,  Waahoe,  Becker,  vi,  419; 
MUnff^  xzx,  388. 
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Rocks — 

of  Newfoundland,  Wadsworth,  viii, 
94. 

New  Hampshire,  Albany  granite, 
HaweSy  i,  21. 

New  Jersey,  foyaite,  Emerson^  iii, 

302;  trap  (doleryte)  of,  Howes,  H  230; 

diabase  of  Franklin  furnace.  Emerson^ 

iii,  376  ;  trap,  columnar  at  Orange, 

Cook,  zxz,  161. 

New  York,   Cortlandt,  Dana^  ii, 
103,  V,  478,  viii,  384. 

N.    America,   Eastern,  trap,   ii, 
230,  iv.  345;  V,  474. 

N.  Carolina,  dunyte,  t/t</t«n,yii,72. 
Northwest,  paramorphic  changes 
to  hornblende,  Jrving^  vi,  27,  321,  vii, 
130, 149;  viu,  464;  Wadsworth,  vi,  155. 
Yellowstone  Park,(obsidian,  etc.), 
JSeom,  V,  106,  352;  fayalite,  Iddings, 
XXX,  58. 

Scottish  Highlands,  Geikie,ix,  10. 
Jai>an,  ix,  418. 
Capo  Verdes,  Ikelkr,  v,  393. 
nomenclature  of,  Jackson,  iv,  113. 
notation  of,  for  diagrams  and  maps, 
JTana,  ix,  7. 

origin  of,  Bunt,  viii,  72 ;  Lehmann, 
viii,  392;  J9a»a,  viii,  393 ;  of  granite  of 
Tuscany,  Lotti,  viii,  155. 
decay  of.  Bunt,  vi,  190. 
decay  of  quartzy te,  Derby,  vii,  1 38 ; 
Dana,  viii,  448,  ix,  57,  xxr.  374. 

thermal  conductivity  of,  iv,  154, 
472. 

Lava,  elastic  limit  of,  Becker,  xxx, 
283. 

Serpentines,  memoirs  on.  Bunt,  vii, 
489;  Italian,  origin  of,  vii,  492. 

use  of  solutions  of  high  density  in 
study  of,  ii,  80;  vi,  411. 
Boekwood,  C.  G.,  meteorological  notice, 
i,  85. 

American  earthquakes,  i,  198;  iii, 
257;  V,  353;  vi,  155;  vii,  358;  viii, 
242;  ix,  425. 

notes  on  earthquakes,  ii,  289. 
Japanese  seismology,  ii,  468. 
notice  of  Judd's  Volcanoes,  iii,  65. 
the  Ischian  earthquake,  iii,  337 ;  vi, 
473. 

earthquake  in  Middle  and  Eastern 
States,  viii,  242. 
on  earthquake  observations,  ix,  79. 
volcanic  phenomena,  ix,  80. 
earthquakes  in  Spain,  ix,  282. 
Boemer,  F.,  Lethaea  Geologica,  v,  478. 
Begets,  W.  B..   Reprint  of  Geological 
R^DOftB,  ix,  414. 
Eeiriew  of  Geological   Report  of, 
367. 


Holland,  S.,  the  northern  Sahara,  i,  157. 
RoUeston,  G.,  Scientific  Papers  and  Ad- 
dresses of,  ix,  423. 
Rontgen's  Thermodynamics,  i,  86. 
Bood.  0.  N.,  on  very  high  vacua,  ii,  90. 
Rosin  oil,  metaisocymene  in,  iii,  238. 
Roth,    J.,  Allgemeine  und  chemiscbe 

Geologic,  vii,  493. 
Bowland,  H,  A.^  Geissler  thermometers, 
i,451. 
concave  diffraction  gratings,  vi,  87. 
American  Association  Address,  vi, 
325. 

Glazebrook's  paper  on  concave  grat- 
ings, vi,  214. 
Royal  Society,  medals  of,  i,  86. 
of  Canada,  viii,  159. 
of  New  South  Wales,  vi,   80 ;    viii, 
160. 
Ruffner,  Survey  of  Georgia,  vi,  411. 
BttsseU,  I.   C,  sulphur  deposits,  Utah, 
V,  158. 
Lake  Lahontan,  vii,  67  ;  viii,  401. 
Geological  Keconnoissance  in  South- 
ern Oregon,  xxx,  79. 
BtbsseU,  T.,  calibration  of  thermometers, 

i,  373. 
Butley,  F.,  strain  connected  with  crystal- 
lization, viii,  461. 

s 

SaJbhm,  L,  du,  structure  and  dehiscence 

of  anthers,  xxx,  488. 
Saccharin,  i,  139. 

Sachs,  J.,  Pfianzenphysiologie,  vii,  322. 
Sahara,  the  northern,  i,  157. 
Salt,  optical  properties  of,  Langley,  xxx, 
477. 

radiations  of  crystallized,  v,  469. 
solutions,  mixture  of,  v,  379. 
Samarium,  atomic  weight  and  compounds 

of,  ix,  401. 
Sandwich  Islands,  see  Hawaii. 
Saponin,  vi,  239. 
Saporta  Algues  Fossiles,  v,  235. 

Les  Organismes  Probl^matiques  de» 
des  Anciennes  Mers,  xxx,  83. 
Sardinia,  Primordial  trilobites  of.  iii,  65. 
Sargent,  C.  S.,  Report  on  the  Forests  of 
North  America,  ix,  264. 
Woodsof  the  United  States,  xxx,  82. 
Satellites  of  Mars,  ephemeris  of,  ii,  485. 
Saturn,  rings  of,  Balden,  iii,  387. 
Saxe-Coburg-Gotha.  Travels  of  Princes 

of,  vi,  247. 
Schceberle,  J.  M.,  aurora  of  Sept.  12-13, 
1881,  ii,  341. 
flexure  of  a  telescope  tube,  iii,  374. 
method  for  observing  artificial  tran- 
sits, iv,  401. 
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Fkhaiberle'J.  if.,  collimatioii  constant  of 
a  transit  circle,  v,  1 44. 

lateral  astronomical  refraction,  vii, 
466  W* .♦ 


Selwyn,   A.  R.  C,   Canada  Geological 

Reports,  iv,  151 ;  vii.  410;  xxz,  241. 

Geological  Map  of  Canada,  ix,  340. 

Sequoiene,  i,  68. 


Schaeffer^  C.  A.j  tantalite  locality,  viii,    Shadows,  molecular,  xxx,  314. 

430.  Shaler,  N.  S.,  Illustrations  of  the  Earths 

Schenk,  A.,  Handbuch  der  Botanik,  vii.        Surface,  noticed,  ii,  78. 

322.  Shells,  worked,  in  New  England  sliell- 

Schmidt,  A.J  zinc-ore  of  Wiesloch,  i,  502.  ;      heaps,  ii.  323. 
Sohott,  C.  A.,  Rain  and  Snow  Tables,  iii,  i         see  Zootx)gy. 


250. 

Magnetic  Declination  in  the  United 
States,  vii.  245. 

Variation  of,  vii,  245. 
Science,  prospectus  of,  v,  87,  240. 
Scotland,  physical  features  of,  xxx,  159. 
rocks  of  the  Highlands,  ix,  10,  62. 
SwU.    W.  B.y   Orthocynodon  from  the 
Eocene,'iv,;223, 

new  marsupial  from  the  Miocene  of 
Colorado,  vii,  442. 
Screens,  transmission  of  light  by,  Zan^- 

/ey,  XXX,  210. 
Screw,  millimeter.  Wead^  iii,  176. 
Scribner,  G.  II.,  When  did  Life   begin, 

XXX,  88. 
Scudder,  S.  H.,  Devonian  insects,  i.  111. 
Euphoberia,  i,  182. 
types  of  ancient  myriapods,  iv,  161. 
Triassic  insects,  viii,  199. 
Butterflies,  noticed,  ii,  239. 
Tertiary  lake-basin  of  Flori.ssant,  ii, 
409. 

Nomenclator  Zoologicus,  iv,  157. 
Anatomy  of  Diurnal   Lepidoptera, 
iv,  236. 

Carboniferous  Cockroaches  and  My- 
napods,  viii,  470. 

Paleozoic  Arachnida,  ix,  70. 
American   Fossil   Cockroaches,   ix, 
418. 
Sea,  see  Ocean. 
Seamon,  W.  H.,  palladiura-goJd,   v,  161. 


Shep<ird^  C.  U.,  meteoric  iron,  liCxingtoB 
Co.,  S.  C,  i,  117. 

meteoric  iron  of  unknown  localitj. 
ii,  119. 

monetite,   monito  and  pvroclasite, 
iii,  400. 

meteoric  iron  from  Dalton,  Georgia, 
vi,  336. 

conmdum  gems  in  India,  vi,  339. 

meteoric  iron  from  Trinity  County. 
California,  ix.  469. 

meteoric  stone  from  Jalisco,  Mexico, 
XXX,  105. 
Shepard,  N.,  Darwinism  stated  by  Dar- 
win himself,  vii.  414. 
Sheridan,  P.  H.,  Explorations  in  Wyom- 
ing, etc.,  vi,  241. 
Sherman,  0.  7!,  arctic  ocean  tempera- 
tures, i,  163. 

magnetic    observations    in    Davie 
Strait,  ii,  49. 

a  pendulum  study,  iv,  175. 

observations*  of   the  Pons-Brooks 
comet,  vii,  76. 

residual  elasticity  and  compositioo 
of  glass,  ix,  385. 

thermometers,  ix,  385 ;  xxx,  42. 

spectrum  of  Nova  Andromedie,  in. 
378. 

bright  lines  in  stellar  spectra,  xxx 
476. 
Siberia,  climate  of,  in  era  of  Mammoth, 
i,  148. 
Seaton,  C.  W.,  CenPiis  Reports,  ix,   261.  ,  Siemens,   C.  W.,   addresses  by,  iv.  310; 


Seeds,  vitality  of,  iv,  297. 

Seely,  H.  if.,  new  genus  of  (Hiazy  spou- 

ges,  xxx,  355. 
Soismological  (yommission,  Swiss,  iii, 337. 
Society,  Japan.  Transactions  of,  ix, 
346. 
Seismology,  see  Earthqimke. 
Seismometer,  new,  vi,  321. 
Selenium,  actinometer,  ix,  404. 

and  tellurium,  method  of  separating, 
xxx,  156. 

cell,  new  form  of.  Frills,  vi,  465. 
microphonic  action  of,  ii,  317. 
sensitiveness  of,   to  light,  ix,  495 : 
xxx,  313. 

*The  payiog  466,  467  Is  duplicated  in  vol.  xzvil. 


V,  150. 

theory  of  the  sun,   iv,    31 1 ;  v.   78. 
148.  230;   vi.  67,  146. 
Siemens.   Dynamo-Kloctric   Machine,  iii, 

147. 
Siemens  mercury  unit,  v,  148;  ix,  1S8. 
Sight,  ZeCVw/tf,  i,  405. 
Signal  Service,  professional   papers  of. 
iv.  238,  407  ;  vi,  400. 
Report,  iii,  78. 
Silica,  crystallization  of,  iv,  230,  290. 
Silicon  sulphides,  iv,  465. 
Silliman,  B.,  turquois  of  N.  Mexico,  il  67. 
on  vanadates,  etc.,  Arizona,  ii,  198. 
obituary  of  Draper,  iii,  163. 
aconitic  acid  from  Horghnro  juices, 
iii,  488. 
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SiUimafi,  B.j  iron  ore  of  Mexico,  iv,  375. 

obituary  of,  iz,  85. 
Silver  hTponitrite,  vii,  141. 

new  oompounds  of,  vii,  142. 
salts  and  coloring  matters,  Zea,  ix, 
53. 
Sjogrefiy  ff.,  chondrodite  and  humite,  v, 

311. 
Smee  battery,  Hallock,  v,  268. 
Smith,  C.  P.,  Meteorology  of  Madeira,  v, 

88. 
5^1^,  E.  A.,  geology  of  Florida,  i,  292. 
phosphatic  deposits  in  the  Cretace- 
ous of  Alabama,  vii,  492. 

on  a  paper  of  0.  Meyer,  xxx,  270. 
Smith,  E.  (?.,  chrysotile  from  Shipton, 

Canada,  ix.  32. 
Smith,  J.,  Dictionary  of  Popular  Names 

of  Plants,  iv,  476. 
Smith.  J.  L.,  hiddenite,  i,  1 28. 

chromite  in  meteoric  iron,  i,  461. 
magnetic  properties  of  nickeliferous 
iron,  iii,  232. 

determination  of  phosphorus  in  iron, 
ill,  316. 

concretions    in  meteoric  irons,   v, 
417. 
collection  of  minerals,  ii.  166. 
obituary  of,  vi,  414. 
Researches  in  Mineralogy  and  Chem- 
istry, ix,  262. 
Smith,  S.   /.,   Prudden's  Histology,  ii, 
414. 

Crustacea  of  the  Albatross  dredg- 
ings,  viii,  53. 
zoological  notices,  viii.  76. 
notice  of  Whitman's    Methods  of 
Microscopical  Research,  xxx,  403. 
Publications  on  Crustacea,  ii,  412. 
Decapoda  of  the  Blake  Expedition, 
iv,  235. 
Smithson,  J.,  Life  of,  i,  166. 
Smithsonian  Inst.  Repts..  ii,  165;  iv,  78. 
Smocky  J.  C.J  thickness  of  the  continen- 
tal glacier,  v.  339. 
Snake,  supposed  lignifiod,   from  Brazil, 

V,  79. 
Snow,  effect  of  pressure  on,  iii,  434. 
Soditim  hyposulphite,  composition  of,  i, 

397. 
Soil  analyses,  ffilgard,  ii,  183. 
Solar  system,  evolution  of,  i,  402. 

see  Spectrum  and  Sun. 
Soldering  by  compression,  i,  3,'i6. 
Solids,  cold  from  reactions  of.  ii,  206. 
Solms-Laubach,  Corallina.  ii,  325. 
Solutions,  constitution  of,  iv,  141. 

freezing  point  of  saline,  ix,  399. 
Solvents,  law  of  solidification  of,   viii, 

146. 
Sonometer,  organ-pipe,  Stevens,  iii,  179. 


Sophorin,  iii,  413. 

S&rby,  H,  (7.,  presidential  address,  i,  152. 
Sound  from  intermittent  radiant  heat, 
i,  323,  324,  402,  463 ;  ii,  87. 
binaural  perception  of,  iv,  144. 
intensity  of,  ii,  219;  vi,  177,  496. 
supposed  polarization  of,  i,  501. 
velocity  of,  in  air,  vii,  143. 
in  wood,  iii,  415. 
Sound-shadows  in  water,   LeConte,   iii, 

27. 
Sound-waves  in  organ  pipes,  ii,  316. 
Soundings,  see  Ocean. 
South  Carolina,  meteoric  iron  of,  i,  117. 
Spain,  earthquakes  in,  Rockwood^  ix,  282. 
Spencer,  J.  W".,  preglacial  outlet  of  Lake 
Erie,  ii,  151,  486. 

terraces  and  beaches  about  Lake 
Ontario,  iv,  409. 
Specific  gravity,  separation  of  minerals 

by,  ii,  80;  vi,  411. 
Spectra,  absorption,  by  water,  i,  500:  vii, 
485. 

infra-red,  v,  230;  vi,  321. 
homologous,  vi,  401. 
of  metallic  vapors,  viii,  391, 457,  459. 
stellar,  bright  lines  in,    Sherman, 
xxx,  475. 
see  also  Spectrum  and  Sun. 
Spectro-bolometer,  see  Bolometer. 
Spectro-polariscope  in  sugar  analysis,  iv, 

469. 
Spectroscope  of  great  dispersion,  v,  489. 
Littrow,  form  of,  iv,  60. 
rainband,  Bell,  xxx,  347. 
see  Prisms. 
Spectroscopes,  efficiency  of,  ii,  397. 
Spectroscopic  notes.  Young,  vi,  333. 

observations   with   monochromatic 
light,  iii,  322. 
Spectrum,  absorption,  of  colorless  liquids, 
i,  500  ;   vii.  485 

analysis,  use  of  induction  spark  in, 
ix,  167. 
diffraction  bands,  Morekind,  ix,  5. 
measurements,  influence  of  temper- 
ature on,  ix.  251. 
of  arsenic,  ii,  214. 

of  compound  of  carbon  with  hydro- 
gen and  nitrogen,  i,  74. 

of    Nova    Andromeda;,     Sherman, 
xxx.  378. 

of  ozone,  iv,  56. 
of  pernitric  oxide,  iv,  58. 
phosphorograph  of.  Draper,  i,  171. 
phosphorography  of  the  infra-red, 
v,  230. 

photometry  of,  ii,  2 1 9. 
solar,  at  high  altitudes,  iv,  393. 
atmospheric  lines  in  the,  v,  78. 
b  line  in,  i,  323. 
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Spectrum,  solar,  measuremeDt  of  wave- 
lengths in  ultra  rod,  v,  230. 

wave-lengths  in  the  invisible,  Lang- 
ley,  vii,  169;  xxx,  480. 
see  also  Cornet^  N^nUa  and  Sun. 
Spectrum-lines  of  metallic  vapors,  re- 
versal of,  ii,  220. 
Spraguo,  I.,  Wild  Flowers  of   America, 

vii,  414 
Sprengel  pump,  Rood,  ii,  90. 
t^ing^   W.,   soldering  by  pressure,   i, 

H36. 
Springer,  F.,  genera  pf  Silurian  crinoids, 
V,  255. 
Palffiocrinoidea,  11,  494;  vi,  3G5. 
Burling^n  limestone  in  New  Mexi- 
co, vii,  97. 
Squid,  see  Zoology. 
Stahl,  E„  Compass- plants,  iii,  159. 
Standards  of  length,  American,  i,  240. 
Star  Catalogue,  Argentine,  iv,  302;  ix,  79. 
spectra,  bright  Unes  in,  Sherman, 
XXX,  475. 

system  40,   o^  h>ridani,   Hall,    xxx, 
403. 
Stars,  double,  iii,  334;  vii,  244. 
parallax  of,  viii,  404;  ix,  78. 
photography  of,  ii,  75. 
Strasburger,  Das  Botanische  Practicum, 

viii,  474. 
Steam- Kngine,    Proportions  of,   Marks, 

vii,  321. 
Steel,  condition  of  carbon  in,  vi,  405. 
hardening  of,  iv,  287. 
magnetism  and  hardness  of,  vi,  320. 
Stoonstrup,  K.J.  V.,  Glacier  and  Glacier- 
ice  of  (rroenland,  vii,  241. 
Stej)h€n8on,   J.    A.   D.,    Emeralds   from 

North  Carolina,  xxx,  82. 
Stort'osoope,  Stevens,  ii,  358, 443;  iii,  226. 
Stevens,  E.  K.,  clioinical  contributions,  vi, 

142. 
Stevens,  W.  LeConte,  the  stereoscope,  ii, 
358,  443. 

reversible  stereoscope,  iii,  226. 
physiological  optics,  iii,   290,    346 ; 
iv,  241.  331. 
organ-pipe  sonometer,  iii,  479. 
Hackhouso's  physiological  optics,  vi, 
399. 

optical  projection  of  acoustic  curves, 
ix,  234. 
Stevenson,  J. ./.,  river-channels,  filled  and 
re-croded,  i,  155. 

Laramie  group   of  Southern    New 
Mexiw,  ii.  370, 

coal-fiold  near  Cafiou  City,   Colora- 
do, iii,  152. 

moUniu)rphi.**ni,  ix,  414. 
(loological  Kxaminations,  Col.  and 
N.  Mexico,  Iv,  149. 


Stewart,  B.,  cyclonic   sterols  and  ma^r- 
netic  disturbances,  xxx,  241. 
Sun-spot  Areas,  ix,  76. 
Stockwdl  J,  K,  Theory  of  the  Moon's 
motion,  ii,  415. 

Hill's  supplement  to   Dolaunay,  ix. 
160. 
Stokes,  A.  C,  fresh  water  infusoria,  viii 

38,  158;  ix,  313. 
Stone,  G.  H.,  kames  of  Maine,  ii,  487. 
glacial  erosion  in  Maine,  iii,  242. 
kame  rivers  of  Maine,  viii  152. 
drift  scratches  of  Maine,  xxx,  146. 
Stone,  0.,  Annals  of   Mathematics,  vii. 

80. 
Starer,  F.  H.,  shell-  and  rock-boring  mol. 
lusks,  viii.  58. 

obituary  of  R.  A.  Smith,  viii,  79. 
food  of  mice,  ix,  75. 
Storms,  tropical,  Ijoomia,  i,  1. 
Streams,  deflection  of,  by  earth's  rota- 
tion, Gilbert^   vii,   427 ;    Bainet,  viii, 
434. 
Streets,   T.   IL,   earthquakes,  Japan,  t, 

361. 
Stresses  caused  by  continents  and  mouD- ' 

tains,  Darwin,  ii,  317;  iv,  256. 
Stur,  D.,   Beitrage  zur  Kenotoiss  der 

Flora  der  Vorwelt,  xxx,  80. 
Suess,  E.,  Das  Antlitz  der  Erde,  vii,  151; 

ix,  418. 
Sugar  analysis,  the  speciro-polariscope 

•in,  iv,  469. 
,  manual  of.   Tucker,  ii,  398. 

SulphatcH,  see  Octosvlphatea. 
Sulph -hydrates,  color  reaction  of,  i,  397. 
Sulphides,  production  of,  bv  pressure,  vi, 

238. 
Sulphur,  boiling  point  of.  vi,  145. 
oxychloride,  new,  iii,  484. 
phosphoreeent  flame  of,  v,  SOT. 
sensitiveness  of,  to  light,  xxx,  313. 
Sun  and  artificial  lights,' v,  149. 
constitution  ol  Hastings,  \,  3.^. 
eclipse  observations,  i,  334 :  iv,  63; 
viii,  477. 
electric  potential  of,  vi,  406. 
heat  and  light  of,  Langley,  v,  169. 
heat  of,  iii,  487. 

absorption  of,    by  earth's  tt- 
mosphere,  ix,  258. 

infra-red  spectrum  of,  v,  230;  viii, 
391,459. 

oxygen  lines  in   spoctnim,  telluric, 
vi,  477. 

parallax  of,  i,  491  ;  ii,  375 ;  iii,  161. 
photographing  corona   of,    v,    126; 
vii,  27  ;  ix,  336. 

ra'diation  from,  v,  149. 
Siemens's  theory  of  the.  iv,  311 ;  v. 
\     IS,  148,  230 ;  vi,  67,  146, 
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Sun.  speetrofloopic  notes  on,  Toung^  vi, 

333. 
stracture  of,  iv,  311. 
Sun-glows,  vil  144;  ffassen,  yii,  201. 
Sunlight,  at  high  altitudes,*  iv,  393. 
Sun-spot  areas  and  temperature  ranges, 

vii,  67 ;  ix,  76, 
and  magnetic  dedlnatioD,  i,  238. 
see  also  Spectrum. 
Swan  incaudescent  lamp,   radiation  of, 

viii,  225. 
Swift's  comet  (a)  1881,  i,  509. 
Swiss  Seismological  Commission,  iii,  337. 
Sjnions,  T.  W.,  on  the  Upper  Columbia, 

V,  240. 
Syria,  prehistoric  man  iu.  yiii,  158. 


Tables,    Physical   and    Meteorologicid, 

GuyoL  iz,  258. 
Taho«*,  see  Lake  lUhoe. 
Tait,  P.  G.,  Heat,  noticed,  vii,  488. 
Light,  noticed,  viii,  310. 
Properties  of  Uatcer,  zxx,  241. 
fhrdy,  red  diluvium  of   Europe,  i,  1 55. 
Tasimeter,  Edison's,  iv,  43,  433. 
•Taxidermy,  Manual  of,  Maynard,  vi,  158. 
IfayloTf  W.  B^  crumpling  of  the  earth's 

crust,  zzx,  249,  316. 
Telegraphy  without  a  cable,  iv,  392. 
Telescopes  used  as  night-glasses,  Holden, 

ii,  129. 
Tellurium  and  selenium,  method  of  sep- 
arating, XXX,  156. 
oxide,  new,  vi,  237. 
reactions  of,  vi,  402. 
salts  of,  ix,  400. 
Temperature,  change  of,  from  mechanical 
strains,  iii,  321. 
diurnal  variation  of,  Gould^  iii,  99. 
reg^tor  of,  vii,  406. 
relative,  of  the  hemispheres,  Ftsrrel^ 
iv,  89. 

variations  in  length  of  bare  from, 
Woodwcvrd,  v,  448. 

of  a  zinc  bar,  Comstock,  ii,  26. 
Temperatures,  measurement  of  low,  ix, 
495. 
production  of  low,  viii,  224. 
underground,  xxx,  397. 
Tennessee,  age  of  Appalachians  in.  El- 

lioU,  V,  282. 
Terminology,  geological,  i,  326. 
Texas,  Brazos  coal-fleld,  ii,  152. 

copper-bearing  region  of,  iii,  65. 
meteoric  iron,  MaUett,  viii,  285. 
Paleozoic  roclcs  of  centrnl,  WloUcoU, 
viii,  431.  . 
Thallium-papers,  meteorological  use  of, 
i,  66. 
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Thermal  springs,  see  GsoLoeT. 
Thermometer,    differential    resistance, 
Mendenhall,  xxx,  114. 
exposure,  Ilazen,  vii,  365. 
wet-bulb,  Hazen,  xxx,  435. 
Thermometere,  study  of,    Sherman^  ix, 
385 ;  XXX,  42. 
calibration  of,  i,  373 ;  iii,  278 ;  iv,  63. 
Geissler,  i.  449,  451. 
Thermometry,  Waldo,  i,  57,  226,  443. 
ITiiesen,  Geissler  tliermometers,  i,  449. 

on  calibrating  thermometere,  iv,  63. 

ThomaSj  B.   W.,  microscopic  organisms 

iu  bowlder  days  of  Chicago,  viii,  317. 

Thome,  0.  W.,  Text-book  of  Botany,  xxx. 

164. 
Thompson,  S,  P.,  resistance  of  carbon, 
iv,  433. 

Lessons  in  Electricity  and  Magne- 
tism, iii,  24 1  ;  vu,  320. 
Thorasen's    thermochemical    investiga- 
tions, i,  87. 
Thomson  effect,  see  BledrieUy. 
Thomson,  J.,  Alveolites,  Amplexus  and 
Zaphrentis,  Scotland,  ii,  235. 

New  Family  of  Rugose  Corals,   iv, 
400. 

Corals  of  the  Carboniferous  of  Scot- 
land, viii,  316. 
TJiommm^  W.^  on  the  tides,  iv,  316. 
Presidential  address,  viii,  302. 
Lectures  on  Molecular  Dynamics, 
viii,  480. 
Thorium,  atomic  weight  of,  v,  146. 

metallic,  v,  146. 
Thunder  Storms,  ix,  498. 
Thureton,  R.  H.,  Materials  of  Engineer- 
ing, viii,  405. 
Tidal  friction,  G.  H.  Da/rxoin,  i,  402. 
Tide-predicting  machine,  ix,  47. 
Tides  in  early  geological  time,  iii,  323. 
in  rivers,  work  by  Chmoy  on,  viii, 
228. 
in  the  sea  and  the  earth,  iv,  316. 
Tietjen,  AstronomischesJahrbuch,  iv,  235. 
Timber-line,  CfanneU^  iii,  275. 
Time,  conference  for  the  adoption  ef  a 
standard,  v,  231. 
signals,  distribution  of,  i,  414. 
Titanium,  atomic  weight  of,  ix,  334. 
Todd,  D.  P.,  solar  parallax,  i,  491. 

transit    observations   at  the  Lick 
Observatory,  v,  131. 
Toluene,  action    of  amyl-chlorides  on, 

viii,  455. 
Tones,  harmonic  and  partial,  iii,  147. 
Tornadoes,  Hazen,  viii,  181. 

and  waterepouts,  Ferrd,  ii,  33. 
Tourmaline,   conductivity  of,   for  heat, 
viii,  456. 
see  also  under  MnrnuLS. 
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TraDsfer-resistance  in  voltaic  cells,  xxx, 

238. 
Transit  circle,   collimation  constant  of, 
S:?iaeb€rle,  v,  144. 
of  Venus,  iv,  236 ;  v,  84. 
observations  at  Allegheny  Obser- 
vatory, v,  85 ;  Lick  Observatory,  v,  131; 
Princeton,  Young^  v,  321  ;  Vanderbilt 
Univ.,  V,  428;  Washburn  0b8.,v,  71. 
Transits  of  Mercury,  Newcamb,  v,  317. 
Trimen,  H.,  Catalogue  of  plants  of  Cey- 
lon, xxx,  321. 
Trowiyridge,  J.,  physical  notices,   i,    74, 
139,  236.  323,  401;  ii,  74,    147,    219, 
316,  396,  484;  iii,  49,  147,   239,  320, 
413,486;  iv,    61,  144,    286,   392;  v, 
76,  148,  229,  308,  469;  vi,   67,.  146, 
'1 1 9,  406,  476;  vii,  57,  143,  236,  486; 
viii,  70,  160,   223,   390,   456;  ix,  59, 
167,  255,  334,  402,  494. 
effect  of  cold  on  magnetism,  i,  316. 
the  Thomson  effect,  iv,  379. 
heat  produced  by  reversals  of  mag- 
neti;sation,  vii,  58. 

physical   papers    read  before    the 
American  Association,  viii,  307. 

measurement   of    strong  electrical 
currents,  ix,  236. 
elasticity  of  ice,  ix,  349. 
application  of  photography  to  elec- 
trical measurements,  ix,  374. 
alternating  currents,  ix,  377. 
irregularities  in  the  action  of  gal- 
vanic batteries,  xxx,  34. 

a  standard  of  light,  xxx,  128. 
IrumhuU,  J.  ff.,   DeCandolle's  Origin  of 
Cultivated   Plants,   v,    241,  370;    vi, 
128. 
Tryon,  G.  W.,  Structural  and  Systematic 

Conchology,  v,  397. 
Tschermak,  G.,  liohrbuch  der  Mineral- 
ogie,  iii,  68;  iv,  232  ;  vii,  75;  ix.  420. 
Tucker,  J.  H.,  Sugar  Analysis,  ii,  398. 
Tuckorman,  E.,  N.  American  Lichens, 

iii,  326. 
Tuning  forks,    autographic  records   of 
^bratious  of,  Compton,  vii,  444. 
experiments  on,  Wead,  vi.  177.  496. 
measurements  of  vibrations  of,  xxx, 
485. 
rate  of,  Michdson,  v,  61. 
Turmeric,  chemiHtry  of,  vi,  141. 
Turner,  W.,  Names  of  Herbes,  iii,  326. 
TyndaU,  J.,  on  fog-signals,  iv,  470. 


Underwood,  L.   M.,  Our  Native   Ferns 
and  their  Allies,  iv,  156. 

Catalogue  of  North  American  Hepa- 
ticie,  viii,  403. 


Units,  electrical,  see  Electrical  uniU  and 

Ohm. 
University  of  Virginia,  laboratory  notes 

from,  V,  169. 
Uphan^  R^.,.Lake  Agassiz,  v,   156;  n 
327. 

Minnesota  valley  in  the  ice  age,  rii, 
34,  104. 

Minnesota  Geological  Reports,  iii. 
62;  V,  156;  viu,  155,  316;  xxx,  397. 
Flora  of  Minnesota^  viii,  472. 
Upton,  W.,  Caroline  Island  Eclipse  £x. 

pedition,  viii,  477. 
Urea,  derivatives  of,  ix,  255. 

transformation  of,  iv,  60,  227. 
Utah,  earthquakes  in,  Gilbert^  vii,  49. 
iron  ores  of  Southern,  i,  80. 
Lake  Bonneville,  vi,  1^0. 
onofrite  fVom,  i,  312. 
realgar  and  orpimentin,  i,  219. 
sulphur  deposits,  v,  1 58. 
tieraannite,  ix,  449. 
volcanic  rocks  of,  vii,  453. 


Vacua,  experiments  on  high.  Rood,  ii,  90. 
Vacuum,  electrical  resistance  of,  iii  149. 
487. 

regulator,  vii,  406. 
Vanadium  sulphides,  i,  137. 
Vanhise,  C.  IT.,  enlargements  of  feldspar 
grains,  vii,  399. 

hornblende   fragments,  xxx. 
231. 
Van  Tieghem,  Ph.,  Traite  de  Botaniqw. 

vii,  322. 
Vapor,  condensation  of,  as  a  source  of 
electricity,  vii,  144. 

densities,  Worcester,  vi,  144. 

determination  of,  viii,  390. 
of  the  halogens,  iii,  143. 
density  apparatus,  vi,  237. 
pressures,  new  method  of  determin- 
ing, ix,  252. 
Variation,  causes  of,  Hitchcock^  viii,  49. 

tendency  in,  vii,  326. 
Varieties,  gender  of  names  of,  Oray^  vii. 

396. 
Vasey,  G.,  Grasses  of  the  United  States, 
vi,  322. 
Agricultural  Grasses,  viii.  403. 
Vassar  Brothers  Institute,  Transactions 

of,  ix,  268. 
Vegetables,  see  BoTAmr, 
Vein,  see  Geology. 
Veitch,  J.,  Manual  of  the  Conifers,  iii 

69. 
Vennor^  H.  G.,  apatite  of  the  Canadian 

rocks,  viii,  74. 
Venus,  see  Th^ansit. 
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yennont,  Taoonic  rocks  of,  ii,  321 ;  ix, 

205. 
VertiUf  A,  R,  zoological  notices,  i,  162 ; 
ii,  411 ;  iv,  477;  v,  316,  397,  481. 

giant  squid  at  Grand  Banks  in  1875, 
i,  251. 

regeneration  of  lost   parts  in  the 
squid,  i,  333. 

affinities  of  Halysites,  i,  508. 

marine  fauna  of  outer  banks,  New 
England  coast,  ii,  292  ;  iii,  135,  216, 
309,  406;  iv,  360,  447;  viii,  213,  378; 
ix,  149. 

recent  papers  on  marine  inverte- 
brata  of  Atlantic  coast,  ii,  41 1. 

Architeuthis,  Newfoundland,  iii,  71. 

Owen's  Cephalopoda,  iii,  72. 

Agassiz's  Echinoidea  of  the  Chal- 
lenger Expedition,  iii,  75. 

Duncan  and  Sladen's  Echinodermata 
of  the  Arctic  Sea,  iii,  247. 

notice  of  Tryon's  Conchology,  v, 
397. 

marine  fauna  and  deep-sea  depos- 
its, yiii,  378. 

notice  of  Clauses  Zoology,  ix,  421. 

Cephalopods  from  Steamer  Blake,  ii, 
162. 

Papers  on  Marine  Invertebrates,  ii. 
412,  413. 

Catalogue  of  MoUusca,  xxx,  247. 
Veaque,  J.j  movement  of  water  in  plants, 

V,  237. 
Vesta,  a  brief  study  of,   Harrington^  vi, 
461. 

comparison  stars  for,  Pickering,  viii, 
17. 
Vibrations,  effect  of,  on  a  suspended  disc, 

iii,  51. 
Vilmorin.  Les  Meilleurs  Bl^s,  iii,  494. 

Les  Plantes  Potag^res,  v,  235. 
Vines,  S.    H.,   practical   instniction  in 

Botany,  xxx,  164. 
Virginia,  Rogers's  geological  reports,  ix, 
414;  xxx,  357. 

geology  of  the  Blue  Ridge,  Camp- 
bell, viii,  221,  242;  ix,  470. 

minerals  from:  allanite,  (orthite) 
iv,  154,  V,  335 ;  beryl,  v,  332  cassi- 
terite,  vii,  411;  dilorophane,  viii, 
235;  columbite,  iv,  153,  v,  333;  du- 
frenite,  ii,  65 ;  garnet,  v,  334;  helvite, 
iv,  155,  V,  160,  338;  microlite,  ii,  82, 
V,  335,  xxx«  82 ;  monazite,  iv,  154,  v, 
337. 

Potsdam  of  Balcony  Falls,  Campbell, 
ix,  470. 
Viscosity  of  rarefied  gases,  ih,  239. 
Vision  by  optic  divergence,  Stevens,   ii, 
358,  443. 

see  Optics, 


Voigi,  TT..  variations  in  length  of   bare. 

at  freezing  point,  v,  448. 
Volcanic  action,  volumes  of  solid  and 
liquid   cast-iron    with    reference   to, 
Eannay,  i,  147. 
cones,  Becker,  xxx,  283. 
eruption  in  Hawaii,  i,  79 ;   ii,  226, 
322. 

phenomena  of  1883,  ix,  80. 
rocks  of  Cape  Verdes,  v,  393. 
Volcanoes,   Hawaiian,  Dtitton,   v,    219; 
xxx,  487. 
of  Washington  Terr.,  vi,  222. 
Juddon,  iii,  65. 
see  Geology. 
Voltaic  arc,  inverse  electromotive  force 

of,  ii,  74. 
Volumes  at  the  boiling  point,  i,  136. 
Vortex-atom  theory,  OroU,  vi,  478. 
Voyage  of  the  Vega,  iii,  336. 
Vries,  H.  De,  Resinous  Matters  in  Plants, 
iii,  494. 

w 

Wadutmuth,  C,  genera  of  Silurian  crin- 
oids,  V,  255. 

Palaeocrinoidea,  ii,  494;  vi,  365. 
Wadsworth,  M.   E.,  iron   ores  of  Mar- 
quette, ii,  320,  402,  403. 

the  Milton  felsyte,  v,  475. 

meteorites  of  Bisbopville  and  Water- 
ville,  vi,  32,  248. 

note  on  Irving's  paper,  vi,  155. 

rocks  of  Newfoundland,  viii,  94. 

the  Azoic  system,  viii,  313. 

atmospheric  action  on   sandstone, 
via,  466. 

syenite  and  gabbro   in   Essex   Co., 
Massachusetts,  xxx,  163. 

Lithological  Studies,  viii,  470. 
Walil  W.  U..  the  Electrical  exhibition 

at  Philadelphia,  viii,  225. 
Walcott,  C.  D.,  on  Cyathophycus,  ii,  394. 

PoBcUopod  in  the  Utica  slate,  iii,  151. 

new  genus  of  Eurypterida,  iii,  213. 

injury  to  the  eye  of  a  trilobite,vi,  302. 

Pre-Carboniferous  strata  in  the  Col- 
orado cafion,  vi,  437,  484. 

locomotory  appendages  of  tnlobites, 
vii,  409. 

Paleozoic  rocks   of  Central   Texas, 
viii,  431. 

paleontologic  notes,  ix,  114. 

new  Cambrian  tnlobites,  ix.  328. 

Paleozoic  pteropods,  xxx,  17. 

The  Trilobite,  ii,  79. 

Report  on  the  Great  Basin,  vii.  65. 

Deer  Creek  coal  field,  ix,  338. 

Paleo?itology  of  the  Eureka  Dislrirt. 
ix,  416. 
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Waldo^  F.y  flUiDg  of  barometer  tubes, 

vii,  18. 
WMo,  L.,  thermometrj,  i,  57,  226,  443. 
Miorometrical     MeasurementB     of 
Double  Stars,  iii,  334. 
Wales,  Silurian  land  plants  of,  ii,  163. 
Walton^    E,  if.,   liquefaction  and  cold 

from  reaction  of  solids,  ii,  206.' 
Ward,  H,  D,  A.,  rain-fall  in  Middletown, 

Conn.,  V,  118. 
Wa/rd^  L,  F.^  Mesozoic  dicotyledons,  vii, 
292. 

Guide  to  the  Flora  of  Washington, 
ill,  492. 
Warming,  E.,  Podostemacesc,  ii,  492 ;  iv, 

400. 
Warren,  W.  F.,  Paradise  Found,  xxx,  88. 
Washington    Territory,     volcanoes    of, 

Hague,  vi,  222 
Water  and  ice,  Petterssan,  vii,  62: 
absorption  spectra  of,  vii,  485. 
analyses  of.  Amazon,  ix,  295 ;  Hud- 
son River,  ix,  347  ;  Mississippi  River, 
ix,  291;  sea  water,  iii,  53 ;   xxx,  385. 
electrical  resistance  of  distilled,  ix, 
256. 
molecular  weight  of,  xxx,  158. 
organic  matter  in  potable,  ix,  490. 
specific  heat  of,  vi,  57  ;  ix,  332. 
Waterfalls,  gorges  and.  Dart's,  viii,   123. 
Waterspouts,  tornadoes  and.    Ferrei,  ii. 

33. 
Watson,  H.   W.,   Mathematical   Theory 
of  Electricity  and   Magpietism,   xxx, 
241. 
WaUon,  <Sf.,  botanical  notices,  v,  82. 
Botany  of  California,  i,  261,  330. 
Contributions  to  American  Botany, 
iy,  297;  vi,  323;  xxx,  166. 
Watts,  H.,  Manual  of  Chemistry,  viii,  72. 
Watts  fund,  ix,  268. 
Waves,  effect  of  oil  on,  v,  231, 
tidal,  in  rivers,  viii,  228. 
effect  on  coasts,  Dana,  xxx,   103, 
176,  184. 
Wave-lengths  in   the  infra-red  of   the 
solar  spectrum,   viii,    391,   459;  xxx, 
480. 
Wead,  G.  K..  millimeter  screw,  iii,  176. 

intensity  of  sound,  vi,   177,  496. 
Weather  warnings,  ii,  75. 

see  Meteorology. 
Webb,  T.  W.,  the  Sun,  xxx,  1 68. 
Webster,  H.  E.,  Annelida  Chsetopoda  of 

New  Jersey,  ii,  414. 
Weight,  correction  of,  for  buoyancy  of 

the  atmosphere,  Cooke,  vi,  38. 
Weisbach,  A.,   mineralogical   notes,   iv, 
475. 
herderite,  viii,  318. 
Synopsis  Mineralogica,  \x,  72. 


Well,  see  Artesian. 

Wells,  H,  L.,  gerhardtite  and  artifidtl 
basic  cupric  nitrates,  xxx,  50. 

Wetherby.  A.  (?.,  distribution  and  varia- 
tion of  fresh-water  mollusks  of  K. 
America,  iii,  76,  203. 

Fresh- water    Mollusks    of    North 
America,  i,  414. 

Weihered.  E.,  structure  of  Carboniferoiu 
coals,  vUi,  467. 

Wetherell,  J.  P.,  Pennsylvania  Geologi- 
cal Report,  ii.  152. 

Wheeler,  E.  S.,  variations  in  length  of 
bars  at  freezing  point,  v.  448. 

Wheeler's  Expedition  Reports,  see  Gbo* 

LOGICAL. 

White,  C.  A.,  descent  of  certain  fresh- 
water mollusks,  iii,  382. 

glacial  drift  in  the  Upper  Misscori 
region,  v,  206. 

mollusca  of  the  Laramie,  v,  207. 

Gfeen  R.  Group  in  Montana,  v.  41 1. 

burning  of  lignite  in  situ,  vi,  24. 

commingling  of  types  in  the  Lara- 
mie group,  vi,  120. 

drift  of  Montana  and  Dakota,  yii, 
112. 

Jurassic  strata  of  North   America, 
ix,  228. 

the  genus  Pyrgulifera,  ix,  277. 

Carboniferous  Invertebrate  Fossils 
of  New  Mexico,  iv,  149. 

non-marine  fossil  Mollusca,  v,  392; 
vii,  68. 

Fossil  Ostreidee  of  North   America, 
xxx.  79. 
White,  I.  C,  Pennsvlvania  Geol.  Reports. 

ii,  486;  v,  471;  vi,  327;  vii,  149. 
Whiteaves,  J.  F,  fossil  fishes  from  De- 
vonian of  Scaumenac  Bay,  i,  494. 

Siphonotreta  Scotica  in  the  Utica 
formation,  iv,  278. 

recent  Heteropora  from  the  Strait 
of  Juan  de  Fuca,  iv.  279. 

age  of  rocks  of  Q.    C.  I.,  British 
Columbia,  ix,  444. 
Whitfield,    R.    P.,    Carboniferous   air- 
breathing  mollusks,  i,  125. 

nature  of  Dictyophyton,  il,  53,  132. 

age  of  Bemardston  rocks,  v,  368. 

Utica  slate  graptolites,  vi  380. 

similarity  of  Acadian  and  Potsdam 
groups,  vii.  321, 

paleontological  papers,  iii,  1 53,  49& 

Lower  Carboniferous  limestones  of 
Spergen  Hill,  iv,  474. 
Whitman,  C.  0.,  Methods  of  Microscop- 
ical Research,  xxx,  403. 
Whitney,  J.  D.,  climatic  changes  of  later 

geological  times,  i,  149  ;  iii,  489;  r, 
88,  153. 
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Whitney,  J,  D.,  the  Azoic  system  and  its 

subdivisions,  viii,  313. 
WhitUeaey,  C,  preglacial  channel  of  Ea- 
gle River,  ix,  392. 
Wiedersheim,  R.,  Anatomic  der  Wirbel- 
thiere,  iv,  478. 

Lehrbuch  der  verglcichendeu  Anat- 
omic, vi,  414. 
Wiik,  F.  J.,  Mineral  Karakteristik,  iii,  69. 
Wilder,  B.  G.,  Braio  of  the  Cat,  iii,  160. 

Anatomical  Technology,  v,  316. 
Wilkinson,  E,,  native  mercury  in  Louis- 
iana, ix,  280. 
Williams,  A.,  Mineral  Resources  of  the 

United  States,  vi,  414;  vii,  75. 
WUUamSy  G.  H.,  paramorphosis  of  py- 
roxene to  hornblende,  viii,  259. 
metamorphism,  viii,  392. 
cleavage  io   American  sphene,   ix, 
486. 
WUliams,  H.  S.,  Proetus  longicaudus.  i, 
156. 

channel-flUings  in  Devonian  shales, 
i,  318. 
fauna  of  the  Chemung  group,  v,  97. 
Lime  Creek  beds  of  Iowa,  v,  311. 
Limuloid  crustacean  from  the  De- 
vonian, XXX.  45. 

classification  of  the  Upper  Devon- 
ian, XXX,  316. 

Life  History  of  Spirifer  laevis,  ii,  1 53. 
WiUiams,  S.  (?.,  dip  of  TuUy  limestone, 
vi,303. 

gypsum  deposits  in  New  York,  xxx, 
212. 
Wilson,  B.  B.,  on  Pycnogonida,  ii,  412, 
413. 

Development  of  Renilla,  ix,  76. 
Wilson,  E.  L,  Photographies,  ii,  73. 
Wilson,  H.  C,  Report  of  Cincinnati  Ob- 
servatory, xxx,  404. 
Wilsoii,  W.  P.,  respiration  of  plants,  iii, 

423. 
Winchellj  A.,  James  Craig  Watson,  i.  62. 
geology  of  Ann  Arbor,  xxx.  .315. 
notes  on  papers  at  American  Asso- 
ciation, xxx,  315. 

Coenostroma  and   Idiostroma,  xxx, 
317. 

trend  and  crustal  surplusage,  xxx, 
417. 
Winchell,  N.  H.,  Dall's  observations  on 
arctic  ice.  i,  358. 

clays  making  cream -colored  bricks, 
iii,  64. 

sandstones,   Taquamenon  Bay,   ix. 

339. 

redquartzitesof  Minnesota,xxx,316. 

Minnesota   Geological  Reports,  iii. 

62;   V,  88,    155;  viii,    155.   316,   472; 

ix,  68;  xxx,  396. 


Winkler,  analysis  of  herderite,  viii,  318. 
Winter,  G.,  Rabenhorst's  Kryptogamen- 

Flora,  i,  507. 
Winwood,  H.  H.,  Cambrian  or  Primor- 
dial rocks,  British  Columbia,  xxx,  79. 
Wires,  change  of  temperature  from  me- 
chanical strains  in,  iii,  321. 
Wisconsin,  ArchsBsn  in,  Irving,  ix,  237. 
geological  reports,  vi,  483;  vii,  146. 
geology  of,  vii,  146. 
hornblende  of,  Irving,  vi,   27  ;    vii, 
130. 
Milwaukee  clays  and  bricks,  iv,  1 54. 
Potsdam  sandstones  of,  iii,  257  ;  iv, 
47;  V,  401  ;  vii,  463. 
Wittrock,  V.   B.,  Erythrsead  Exsiccatie, 

vii,  496. 
Woeikof,  A.,  mean   annual  rain-fall,  iii, 
341. 
Glacial-era  climate,  iii,  417. 
Wood,  S.  V,,  cause  of  the  Glacial  period, 

vi,  150,  244. 
Wood,  see  Botany. 
Woodward,  R.  S.,  variations  in  length  of 

bars  at  freezing  point,  v,  448. 
Wooster,  L.,  C.  transition  from  copper- 
bearing  series  to  Potsdam,  vii,  463. 
Worcester,  C.  P.,  vapor  densities,  vi,  144. 
Woronin,  Beitrag  zur  Renntniss  der  Usti* 

lagineen,  iv,  73. 
Worthen,  A.  II.,  Quaternary  of  Illinois, 
xxx,  315. 
geodized  fossils,  xxx,  376. 
Illinois  Geological  Report,  vi,   414, 
483. 
Wortman,  J.  L.,  notice  of  Cope's  Tertiary 

Vertebrata,  xxx,  295. 
Wright,  A.  W.,  gases  in   smoky  quartz, 
i,  209. 
polarization  of  the  corona,  i.  334. 
of  light  from  comet  6,  1881, 
ii,  142. 

polariscopic  observations  of  comet 
c,  1881,  ii,  372. 

distillation  of  mercury  in  vacuo,  ii. 
479. 
Wright,  G.  F.,  date  of  Glacial  era,  i,  120. 
glaciated  area  of  Ohio,  vi,  44. 
southern  limit  of  the  glacier,    vi, 
326. 

the  glacial  boundary  in  Ohio,   etc., 
vii,  410. 

Niagara  River  and  the  glacial  peri- 
od, viii,  32. 

Studies  in  Science  and  Religion,  iv, 
77. 
Wriglit,  T.  W.,  Adjustment  of  Observa- 
tions, viii,  405. 

New  Form  of  Primary  Base  Appa- 
ratus, viii,  479. 
Wurtz,  A.  D.,  Atomic  Theory,  i,  337. 
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Yellowstone  Park,  see  Geology. 

Yolo  base  lino,  iz,  49. 

Taung.   A.   A.,   saudstoDes  having  the 

grains  in  part  quartz  crystals,  iii,  257 ; 

iv,  47. 
Young,  A.  G.^  corundum  gems  in  India. 

vi,  3.S9. 
Toung,  C.  A.,  6-lino  in  solar  spectrum,  i, 

323. 
spectroscopic  observations  of  comet 

h,  1881.  ii,  135. 
observations  of  the  transit  of  Venus 

V,  321. 
spectroscopic  notes,  vi,  333. 
Yttrium,  atomic  weight  of,  v,  381. 


Zeitschrift  fiir  Instrumentenkunde.i,  253. 
Zinc  bar,  variations  of,  Comstock,  ii.  26. 
purification  of  arseniferous,  iz,  1 66. 
sulphide,  direct  formation  of,  v.  76. 
Zinc^re  deposits  of  Wieslock,  i,  502. 
Zippcrer,  P.,  Beitra)^  zur  Kenntniss  der 

Sarraceniaceou.  zzz.  247. 
Zones,  drj',  Guyot  vi.  161. 
Zoological  Works  Noticeiv— 

Acalephio  of  Narragnnsett  Bhy,FetvJK^. 
ii,  414. 
of  the  Blake.  Fnoken,  ii,  413. 
Adirondack  Vertebrates,  Jlerriam,  iv, 

478;  V.  239;   viii,  319. 
Anatomical  Technology,  Wilder.v,  316. 
Anatomv    of    Diurnal     Lepidoptera. 

Saidder,  iv.  235. 
Annelida,   New    Kngland.    Vern'll,  ii. 
412. 
of  Now  Jersey,  Webster,  ii,  414. 
Asirophvlida?.  Lyman,  ii.  414. 
Atlantic*!? ight  Whales.  Holder,  v,  482. 
Auk,  The.  vii.  159;  is.  76. 
Birds.  Check-list  of.  Coues,  iv.  478. 
Bibliography  of,  ( 'oues,  i.  83. 
of  Bohriiig  Sea.  Xehou,  vii,  417. 
Blake.  Steamer,  reports  on  expedition 
of.  Aijoi'fiz,  Eiitcardd,  i.    338;   Gar- 
man.   VeiTill.  ii.  162;  Ayassiz,  Car- 
penter, Dall.  Eiiwardit.  Feickes.    Ver- 
riU.  Wihon.  ii,  Jl.i;   Smi'h.  iv.  235; 
Carjienter.  v.  2!i8;    Goode i\m\  Rhui, 
vi.    79;    Lyman,  \'].    159;  Agiussiz, 
vii.  157  ;  Ifarger,  vii,  417. 
Brain  of  the  Cat,  Wilder,  iii.  160. 
Buttertiios,  papers  on,  Scitdder.  ii,  23*.>; 

iv.  235 
Cephalo|>oda.  new.  Owen  iii.  72. 
..f  the  HlaktN   Vrrrill,  ii.  162. 
I>;i|MT.^  4)11.   V*y:iH.    ii.    162,  412, 
413. 


2kK>L0GiCAL  Works  Noticed— 
Olaseiflcation  of  the  Animal  Kingdom, 

Nicholson,  iv,  478. 
ComatuUe  of  the  Blake,  Carpenter,  n. 

413. 
Oonchology,  Tryon,  v,  397. 
Crinoids  of  the  Blake,    Carpenter^  v, 

238. 
Crustacea,  Australian,  HaswelLiy.A'i^. 
Minnesota.  Uerrick.  viii,  322:  ix, 

68. 
of  the  Blake,  Edwards,  ii.  413. 
papers  on,  Faxon,  ii,  414. 
papers  on.  Smith,  u^  412;  iv,  235. 
Ctenophoraj,  Chun,  i,  81. 
Decapoda  of  the  Blake,  Smith,  iv,  235. 
Echini  of  the  Blake.  AgassiZj  ii,   413; 

vii,  157. 
Echinodermata.  Arctic,   Duncan  and 

Sladeii,  iii,  247. 
of  the  Challenger.  Agasriz.  ill  75. 
Embryological  Monographs,    Agassiz. 

V,  239;  vii,  417. 
Entomological  Reports,  Biley,  ii,  246 ; 

V,  240;  vii,  417. 
Fish  Commission  Bulletin,  Baird,  r, 

240. 

Reports,  Baird,  i,  85;  iv,  320. 

Fishes  of  N.  America.  Jordan,  v  481. 

Young  Stages  of  Osseous,  Agassiz, 

iv,  401. 
Fishing  Industries.  Goode,  iii,  334. 
llaudbook  of  Vertebrate  Dissection. 

Martin,  v.  481 ;  viii,  77. 
Heredity  and  Selection  in  the  Human 

Species.  DeCandoUe,  iz,  265. 
Law  of.  Brooks,  vii,  156. 
HistoireNaturelle  de  P  Empire  Chinois, 

V.  316. 
Isopods,  papers  on,  Harger,    ii,   411: 

vii,  417. 
Lehrbuch  der  vergleichenden  Anato- 
mic,  Wiedersheim,  iv,  408,  478;  vi, 

414. 
Li  max  canipestris.  Mark,  ii.  494. . 
Manual  of  Ilistology,  Prudden.  ii,  414 

of  Taxidermy,  Maynard,  vi.  80. 158. 
Meiluscn,  Hivckel.  ii,  160. 
Microscopical     Anatomy,      Whitman, 

zzx,  403. 
Mollusca,  Catalogue  of.  VerrtU,  il  412; 

XXX.  247. 

Fresh- water,  Wetherby,  1,414;  iii 

76. 
of  the  Blake.  Dall.  ii.  413. 
Xomenclator  Zoologicus,   Scudder.  iv. 

157. 
Ophiuroidea  of  the  Blake.  Lyman,  vi. 

159 
Ornithological   Bibliography.  Gouts,  i, 

ii3. 
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Zoological  Works  Noticed— 
Parasites  of  the  Termites,  Leidy,   i, 

416. 
Perissodactyles,  Arrangement  of  the, 

Gope,  ii,  163. 
Prodromus  Faunse  Mediterr^nese,   ix, 

76. 
Pulmonate  Mollusks,  Binney,  ix,  76. 
Pycnogonida,   papers  on,    Wilson,  ii, 

412,  413. 
Rhizopods,   Fresh   Water,   Bttchcock, 

iv,  167. 
Scientific  Papers,   Rolleston,  ix,   348. 

423. 
Seal  Islands  of  Alaska,  Elb'oU,  iii,  334. 
Spongiada,    Bntish,    Bawerbankj   iv. 

477. 
Surface  Fauna  of  Gulf  Stream,  Agas' 

six,  vii,  417. 
Therldidse,  Emertoji^  iv,  477. 
When  did  Life  Begin,  ScriJmer,  xxx, 

88. 
Zoogeography,  (rt7/,  viii,  241. 
Zoology,  Glaus,  ix.  348,  421;  Packard, 

i,  162. 
Invertebrate,  Brooks,  iii,  49 L 
of  Ohio,  Newberry,  v,  311. 
Zootomy,  Parker,  viii,  76. 
Zoology. 

Albatross  dredgings,  viii,  53, 213, 378; 

ix,  149. 
Algae  in  animals,  iii,  328,  329. 
Amiurus  catus,  ix,  76. 
Annelids,  descriptious  of,  VerriU,  iv, 

367. 
of  New  Jersey,  Webster,  ii,  414. 
Anoplophyra,  Notei,  Fouike,  xxx,  377. 
Anthozoa,  descriptions  of,  Verrill,  iii, 

137,222.309,408;    iv,   362;   viii, 

218;  ix,  149. 
list  of,  Verrill,  iii,  316. 
Ants  inhabiting  plants,  xxx,  245,  487. 
Architeuthis,  see  Cephalopeda. 
AtophyraxBendirii,  iferridm,  viii,  319. 
Cambarus,  dimorphism  in,  Faxon,  vii, 

42. 
Cephalopoda,  descriptions  of,  VerriU, 

ii,4ll;  iU,    71,    72;  iv,   364,   477; 

xxx,  247. 
gigantic,  Verrill,   i,    251 ;  iii,  71, 

72. 
New  Zealand,  Kirk,  iv,  477. 
regreneration  of  lost  parts  in,  Ver- 
rill, i,  333. 
Cercaria  with  caudal  setae,  Fewkes,  iii, 

134. 
Chitonidae,  eyes  of,   Mbseley,   ix,  422, 

498. 
Cobwebs  of  Ulobonis,  Etnerton,  v,  203. 
Ccelenterates,  development  of,  i,  83. 
Crinoids  of  the  Carribean  Sea,  v,  238. 


Zoology. 
Crustacea  of  the  Albatross  dredgings. 
Smith,  viii,  53. 

of  the  Blake,  i,  338;  ii,  413;  iv, 
236;  vu,  417. 
deformities  of,  Fewkes,  ii,  4 14. 
dimorphism  in,  Fcucon,  vii,  42. 
food  of,  VerriU,  iv,  450. 
New  England,    VerriU,   iii,    136; 
iv,  364;  ix,  151. 
Ducks,  domestication  of  wild,  iii,  421. 
Echidna,  eggs  of,  viii,  475 ;  xxx,  85. 
uterus  and  uterine  ova  of,  ix,  74. 
Echinoderms,  arctic,  iii,  247. 

Cretaceous  and  recent,  Agassiz, 
iii,  40. 

descriptions  of,    VerriU,  iii,    138, 
216,  408;  viii,  216,  382;  ix,  151. 
Ustof,  VerriU,  iii,  217. 
West  Indies,  vii,  1.57. 
Entzia  tetrastomella,  ix,  75. 
Fauna  of  deep-sea,  iii,  216;  v,    163; 
viii,  53,  319,  378;   ix,  149. 

of  New  England  coast,  VerriU,  ii. 

292,411;  iii,    135,216,  309,    406; 

iv,  360,  447;  viii,  213,  378;  ix,  149. 

of  New  Zealand,  ix,  343. 

pelagic,  of  lakes,  v,  83. 

Fishes   of    New  England    coast,   ii, 

295. 
Gundlachia  in  western  New  York,  iii, 

248. 
Haly^ites,  affinities  of,  i,  508. 
Heredity,  law  of,  Brooks,  ix,  265. 
and  selection  in  man,  ix,  265. 
Heteropora,  recent,  WhiteaveSy  iv,  279. 
Horse,  evolution  of  the  trotting,  Brew- 
er, V,  299 ;  Nipher,    vi,    20,  86  ;  vii, 
44 ;  Pickering,  vi,  378. 
Infusoria,  new,  Stokes,  viii,   38,    158; 

ix,  313. 
Invertebrates,  marine,   recent  papers 
on,  ii,  411. 
see  also  Fauna. 
Jelly-fishes,  new,  Fewke6,ii,  413,  414. 
Lakes,  pelagic  fauna  of,  v,  83. 
Limulus,  embryology  of,  Packard,  xxx, 

401. 
Lumbricidse,  in  ice,  Leidy,  viii,  477. 
Lunatia,  changes  in,  Morse,   ii,   323, 

415. 
Madreporaria,  New   England,  VerriU, 

iii,  313. 
Man,  deaf  variety  of,  BeU,  ix,  424. 

heredity  and  selection  in,  ix,  265. 
Marine  fauna,  see  Fauna  above. 
Medusae,  ii,  160. 
Meloe,  antennae  of,  HiU,  v,  137. 
Mice,  food  of,  Storer,  ix,  76. 
Mollusks,  boring,  Storer,  viii,  68. 
descent  of,  WMte,  iii,  382< 
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Mollusks,  descriptions  of,  Verrill,  i, 
261;  ii,  297,  411;  iii,  11,  72;  iv, 
364,  477  ;  xxx,  247. 

distribution  of,  Wdherby,  iii,  76, 
203. 
new,  DaU.  ii.  413. 
shells  of  abnormal  forms,  Beecher^ 
ix,  267. 
Mya,  arenaria  in  California,  ii.  82. 

changes  in,  Morae^  li,  323.  415. 
Nomenclature,  iii,  157. 
Notosolenns,  Slokes^viiiy  158. 
Oceanic  life,  distribution  of.  ▼.    163; 
viii,  319. 
see  also  Fauna, 
Ornithorhynchus,  eggs  of.   viii,   475  ; 

iz,  75. 
Polythalamian  from  salt  pool,  ix,  75. 
Protoplasm,  nature  of  living,  iii,  238. 
Pycnogonida,  new.  Wiison,  ii,  41.^. 
Regeneration  of  lost  parts.  Verrill,  i. 

333  ;  iii.  406. 
Rcnilla,  development  of.  iz,  76. 
Rhizopods  as  food  of  fishes,  ii,  82. 
new  genus  of,  Brady,  v,  84. 


ZOOLO0T. 

Rotifers  in  ice,  Leidy.  viii,  477. 
Salmon  disease,  Huxley,  iv,  74. 
Shells,  abnormal  forms  of.  Beecher.  ix. 
261. 

changes  in,  Morse,  ii,  323,  415. 
Solenotus,  Stohu,  viii.  48,  158. 
Sphingidjc  of  N.    .America,    Grote.  v, 

210. 
Spiders,  New    England,    Eruerton,  iv, 

477. 
Sponge-spicules,  organism  penetrating' 
ii.  493. 

siliceous,  viii,  76. 
Sponges.  British,  iv,  477. 
Squid,   see  (.-ephalopoda. 
Trionyx,  Chinese,  v,  317, 
Uloborus,  cobwebs  of,  EmerUm.  v.  203. 
Variation,  causes  of.  Hitchcock,  viii.  49. 

tendencv  in,  vii.  326. 
Whales,  .Atlantic.  Holder,  v,  482. 
Worms  in  ice.  Leidy,  viii,  477. 

sec  Annelids. 
"Yellow  cells,"  see  Botany. 
Zoogeography,  Gill.  viii.  241. 
See  further  under  Geology. 
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